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General Electric engineers design 
175,000-kw Engineering Test Reactor 


A test reactor with extremely high flux, coupled The accomplishment of this design is another « 
with in-core testing facilities, presents heat trans example of General Electric engineering leader- 


Tp 
‘Je . _ 


fer, physics and mechanical problems of a new ship in the field of atomic energy. Atomic Power 
magnitude. In designing the Engineering Test Equipment Department, General Electric Com- 
Reactor, General Electric engineers provided pany, San Jose, California 
solutions to these difficult problems 

This reactor was designed by General Electric Progress /s Our Most /mportant Product 
for Kaiser Engineers, prime contractor to the 


AEC, and will be placed in operation at the G EN ERAL &B ELECTRIC 


National Reactor Testing Station, Idaho. 
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Applied 
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We 

But this one 
matters oO} sial and of such interest to the nuclear 

that 


both 
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But then, there are alwa the 


spot-news development 


rarely publish speeches 


o-called is such is so controve! 
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break 
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other, less pressing articles off to 
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last 
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lish extracts from it 
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where it kept cropping 
And to that 


unanimity of reaction to the talk would 


later phia Congress month 
issues, 


Take this April issue a 
Three feature articl ire based on in 


in exan ple tion Say there was ho 


formation that became publicly ava be the understatement of the year. It 


able while the issue was being planned was not hard to find those familiar with 
Although we try to fill a 
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much ofeach — the troubles on Oak Ridge’s homogene 
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harsh in criticizing the government for 


report on fast breeder —}eing unrealistic in the requirements it 


imposes on industry. It is with this 
tion of the design of the Power Reactor background that we present one of the 
Development Company breeder (p, 68 harshest indictments yet of the nuclear 


came out of the testimony presented 
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industry by the man who is industry’s 
biggest customer 
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Editorial fare. Because NucLEon- 
1c8 has readers from all walks of nu- 
clear life, the 
eflort to serve up a 


editorial coverage in each issue 


make a great 
balanced diet of 
Al- 


though we divide our subject coverage 


editors 


into nine basic areas, there are actually 


three broad areas that we cover: reac- 


tor technology, applied radiation, and 
instruments and measurements. 
in March, at the time 


of an annual meeting that the editors 


Once a year, 


have with the NucLEONICcS advertising 
salesmen, we take stock to see, among 
other things, whether we followed the 
editorial formula we set for ourselves 
The chart on this page shows that we 
the 


were seeking 


achieved article distribution we 
a distribution 
well to the interests 
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at the hearings now going on on the 
PRDC Although the hear 
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the atomic energy industry 
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tion on the record 
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* Special Report, “Simulation and Computation 
in Nuclear Engineering” 
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Blickman-Bullt e 
STAINS sTeEL 


he » 


7x me 


VACUUM 


| 


RACK 


ENCLOSURES 





FOR HANDLING RADIOISOTOPES 
AND RADIOACTIVE MATERIAL 





Send for Technical Bulletin 
also folder illustrating 
Blickman Built 

Stainless Steel 

Specialized 

Laboratory Equipment 


Look for this symbol of quality 
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LOS ALOMOS TYPE E/5 


These Blickman-Built stainless stee! vacuum rack 
enclosures are designed for the safe handling of 
radioactive materials in-tesearch applications. Two 
types of racks are available. 

TYPE £5-1 has a vertically-rising door. A similar 
door can be provided on the opposite side if opera- 
tion from two sides is desired 

TYPE E5-2 has sliding doors with can also be pro- 
vided on the opposite side for two-sided opera 
tion. Available in various lengths to meet specific 
requirements, 


CALIFORNIA TYPE E/8 


Seamless, crevice-free, 
round-corner construction 
assures easy cleaning, fa- 
cilitates decontamination. 


This Blickman-Built hood is de- 
signed for the handling of haz- 
ardous substances such as ra- 
dioactive isotopes and other 
radioactive materials. The air 
supply to the hood is filtered 
through expendable type filters 


located at both ends. 


BLICKMAN 
SAFETY ENCLOSURES 
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TONS OF CONCRETE, poured into this web of wire, will 
form walls of B&W-engineered swimming pool type 
research reactor. 


¥ » " - 
SUPERCRITICAL pressure steam generator, the world’s ERECTION means smooth flow of components into 


first, saw B&W engineers solve new design, fabrica- place. Here side wall of high pressure, high temper- 
tion, and erection problems ature boiler is prepared for hoisting. 
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HERE ARE THE REASONS WHY 
BaW ENGINEERS KNOW... 


Putting a nuclear reactor together is an ex- 
acting engineering task. Research and power 
reactors are designed and fabricated to meet 
specific needs. But design and fabrication 
alone will not assure required operating 
characteristics. It’s the job of the erection 
engineer to precisely assemble components 
into a working system. 

SAFETY AND ECONOMY in assembling and 
testing research reactors and nuclear steam 
generating plants require skill in established 
construction methods. But with this skill, 
there must be combined advanced scientific 
and nuclear engineering techniques. B&W 
erection engineers have already acquired an 
extensive backlog of atomic energy experi- 
ence, and are keeping up with the fast mov- 
ing developments in the peaceful applica- 
tions of this new source of energy. 

LONG EXPERIENCE with high pressure 
vessels for example, has been applied by 
B&W to atomic energy’s similar problems. 
It has been fortified by a continuing, inde- 
pendent program of nuclear research to 
make the Babcock & Wilcox position unique 
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BABCO 
ja WIESE 


i Nuclear Reactor Together 


in design, fabrication, and erection for the 
atomic energy field. 


STEP BY STEP, B&W engineers have fol- 
lowed progress in design and fabrication 
with improvements in erection methods, 
New techniques and tools have been de- 
veloped and tested. Alloy welding, radi- 
ography, magnafluxing, and stress relieving 
processes have been adapted to the particular 
needs of erection. 


HIGHLY SKILLED EXPERTS with 


Precision is 


special 
training supervise erection. 
their watchword and the newest techniques 
are at their finger-tips. Behind them stand 
nearly 100 years of B&W experience and 
the entire chain of specialized BAW engi- 
neering skills. 


COORDINATION of all B&W departments 
assures a continuity of responsibility in one 
company from planning to starting up oper- 
ations. Write for Bulletin AED-6, “B&W 
Builds a Research Reactor.”’ The Babcock & 
Wilcox Company, Atomic Energy Division, 
161 East 42nd Street, New York 17, N. Y. 


ATOMIC 
ENERGY 
DIVISION 


= 


B&W'S STORE of high pressure welding experience is 
added to newest welding metallurgy refinements re- 
quired for atomic energy projects. 


KNOTTY erection prvar + sac like 6 teeing a many-ton 
drum into position often over 100 feet above ground 
level, are taken in stride by specially trained engineers. 





Think Of Everything — That sums up Electric Boat’'s 
ICT’. "ICT" —The “Integrated Concept 
Technique”. No feasibility project can be handled sensibly 
if ali elements, a// possibilities are not treated 
simultaneously as a homogeneous factor 
For over 50 years—since the integrated concept of the 
original navy submarine “Holland” —to the reality of the 
first nuclear powered submarines, Electric Boat has 
expanded the “ICT”. From simple to complex, “ICT” has now advanced 
to applications beyond weapons, noise suppression, simulation 
to the remote areas of humanistics, thermodynamics and the 
correlation of concept to concept, complexity to complexity 
Electric Boat’s experience in “ICT” can save you months—years in your feasibility work 
with the knowledge of years practically applied. We can adapt the Electric Boat 
‘Integrated Concept Technique” to your feasibility problems 


EB 
© ELECTRIC BOAT DIVISION 


GENERAL DYNAMICS CORPORATION 


Write to Dept ICT4, GROTON, CONNECTICUT 
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, The Zirconium Age has arrived! Columbia-National 
Corporation with its new sponge producing facility 

CNC 
nearing commercial operation offers you a new source 
NITROPHOS 
/ of zirconium at a new low price. 
Uniform high quality zirconium is assured by the only 
' WASH 
pool : fully integrated operation converting zircon sand to 
‘ sponge at one location under the responsibility of one 
PF C 
- management. The unique “Nitrophos” extraction 
Hi Puriry - F 

Zr process is used to separate and purify zirconium and 


hafnium in this plant 


Reactor-grade and hafnium-containing commercial 


grade zirconium sponge will be produced in sufficient 


quantities to fill government and industry require 

ments. Leading metal converters and fabricators are 

a ie now supplying zirconium mill and finished products 
There is new opportunity in the Zirconium Age. You 
are urged to investigate its use in atomic reactors and 
in process equipment where corrosion conditions are 

cerca 

:. > 


He 


severe. Columbia-National is ready to help with melt 


ing and application assistance. Write for technical data 





on fabrication, properties and corrosion resistance 


Columbia-National Corporation, 70 Memorial Drive, 


MPURITIE* 


Cambridge, Mass 





, 


The new Columbia-Nationa! Zircon 
ium Plant near Pensacola, Florida 

the most/modern in the world. The 
“Nitropiias™ process continuously 
and automatically separates hafnium 
from zirconium and removes impur 
ties, thus assuring uniform, high qua 
ity zirconium sponge 
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ENGINEERS...LOOK 
TEN YEARS AHEAD!? 


eSr"s 
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Will your income and location 
allow you to live in a home 
like this...spend your 

leisure time like this? 


They can...if you 
start your Douglas 
career now! 


Your objectives are probably high professional standing, good income, 
good security and good living. All four can be achieved at Douglas. 
Douglas has the reputation of being an “engineer’s outfit,” with the 
three top administrative posts being held by engineers. Maybe that’s 
why it’s the biggest, most successful unit in its field. Certainly it offers 
the engineer unexcelled opportunities in the specialty of his choice 
... be it related to missiles or commercial or military aircraft. 
You’ve looked around, Now look ahead... and contact Douglas. 
For further information about opportunities with Douglas in Santa 
Monica, El Segundo and Long Beach, California and Tulsa, Oklahoma, 
write today to: 
DOUGLAS AIRCRAFT COMPANY, INC. 
C. C. LaVene, Box ‘L-620, 3000 Ocean Park Blvd., Santa Monica, Calif. 


DOUGLAS 
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Under the microscope, ordinary shielding 
metals (above) reveal voids that seriously 
reduce radiation absorption while 
Mallory 1000 Metal (below) shows high 
density, positive shielding all the way 
through. 


Vara 
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Get predictable radiation shielding... 


with uniform Mallory 1LOOO 


HE HIGH DENSITY and superior radiation-absorbing 
T capability of Mallory 1000 Metal extend through 
every part of every piece. Special Mallory manufactur- 
ing methods give this unique materialan internal struc- 
ture comparable in uniformity with forged metals 


To the designer of radiation shields, this superior 
uniformity permits calculations based on precisely 
controlled absorption characteristics rather than 
“average” or “typical” values. Safety factor allow- 
ances can be minimized to permit smaller parts and 


lower overall costs. 


In Canada, made and sold by Johnson Matthey & Mallory, Lad. 


110 Industry Street, Toronto 15, Ontario 


Serving Industry with These Products: 


Electromechanical 
Electrochemical 
Special Metals « 


Metallurgical — Contacts « 


Resistors © Switches ¢ Tuning Devices © Vibrators 
Capacitors © Mercury and Zinc-Carbon Batteries 
Welding Materials 


Mallory 1000 Metal is up to 40°, more efficient than 
lead. It is being used at energy levels to 100 MEV, 
for source capsules, ‘switching’ devices and similar 
purposes. Mallory contour pressing permits manu- 
facture of intricate shapes to precise dimensions at 
economical cost. Mallory 1000 has high tensile and 
flexural strength, and machines readily to excellent 


surface finish. 


For complete information, write to Mallory today 
for Technical Bulletin 6-7. 


Expect more...get more from 


MALLORY 


For information on titanium developments, contact Mallory-Sheron Titenium Corp., Niles, Ohio 
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icago Apparatus Company 


complete new instrumentation for 
biochemical research with radioisotopes 


The modern laboratory the most complete tium, for automatic imple handling and counting. Each of 


and versatile ever assem! biological research these systems offers the maximum in accuracy and automaticity 


' 
Separate Nuclear-Chicago instrument ave been combined is designed for integration with other biological techniques, and 


into specialized counting and recording systems for scanning iS built to maintain the traditional high standards of quality 


and reliability of all Nuclear-€ hicago products. Our representa 


liscuss your particular needs with you 


paper radiochromatogr ims, for assay of liquid or solid gamma 


emitting samples, for low level cou of carbon-14 and tr tives will be happy 


1A Rectilinear Recorder, 1B Model! 4A Printing Timer, 4B Model 161A 


C100A “Actigraph" with sensi : Basic Binary Scaler, and 4C 


tive 047 Gas Flow Counter with 
exclusive ‘Micromil window 
and 1C Model 1620A-S Analyti 
cal Count Rate Meter for auto 
matic scanning and recording 
of the radioactivity on paper strip 
chromatograms 


Model 181A Royal Scaler and 
Model T1 timer are shown with 
2B Model DS5-5 Scintillation 
Well Counter for precision 
measurement of gamma emitting 
liquid or solid radioactive 
samples. Well counter contains 
a full 2” of lead shielding 


Cs) — 


iM 


\-——4 


1A “Dynacon" Converter with 500 


ml. ion chamber, 3B "‘Dynacon"” 
amplifier, and 3C Recorder for 
high efficiency measurement of 
radioactive carbon-14, tritium, 
and other low level samples in 
the gas phase 


< 


nuclear - chicago 
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Model C110B Automatic Sample 
Changer for automatic handling, 
measuring, and recording of the 
radioactivity of as many as 35 
samples. Thin window or gas 
flow detectors may be used with 
the sample changing system 


Model M5 Semi-automatic 
Sample Changer with Model D47 
Gas Flow Counter connected to 
5B Model 186 Imperial Scaler 
The 186 may be used with all 
G-M, scintillation or proportional 
detectors, features one millivolt 
to one volt input sensitivity 


a ] land — r 


223 WEST ERIE STREET + CHICAGO 10, ILLINOIS 














ry Scaler,3B Model C110B Au- 


ner for completely automatic 


al 


complete new instrumentation for 








nuclear research in industry 


f research and manufacturing problems encoun 


ected to handle a wide diversity of laboratory and f lant prob 


fern industrial nucleon laboratory requires the lems and provide the ulamate in automatic sample-handling 


nge instrumentation, including counting systems 


ind gamma determinations. The new Nuclear 
j 


tion an 


recording equipment illustrated in the 


rial radioisotope laboratory above have been s¢ 


jel DS5-3P Scintillation De- 
with exposed 2” x 2” so- 
lide crystal and 1B Model 

Analyzer Computer for pre- 
gamma-ray measure- 

t ising pulse-height dis- 
ation techniques 


DS5-5 Scintillation Well 
ter with exclusive ‘scaler- 
trometer'’ circuit and 2B 
je! 1820 Recording Spectrom- 
for automatic quantitative 
rgy separation of gamma-ray 4A Model 3054 Manual Sample 
tra Changer with Model DS5 Scin 
tillation Detector which features 
interchangeable alpha, beta, or 
gamma sensitive crystals con 
nected to Nuclear-Chicago's fin 
est scaler, the 4B Model 192A 
Ulitrascaler. Model 192A features 
decade scale of 10,000, one milli- 
jing, counting, and record- volt sensitivity, and precision 
automatic circuitry 


jel 183B Count-O-Matic Bi- 


atic Sample Changer with 
jel 047 Gas Flow Counter, 
C Model C111B Printing 


of as many as 35 soft beta 
} radioactive samples. 


which collect precise data 





recording and read-out convenience. Costly technical ume is 


minimized in this model laboratory by automatic systems 


around the cloch Your inquines 


for specific recommendations will receive prompt attention 


Model 2612P Portable Survey 
Meter contains a1.4mg cm’ thin 
window G-M tube for surveying 
for alpha, beta, or gamma con 
tamination up to 20 milliroent 
gens per hour 


Model 2586 ‘Cutie Pie" features 
interchangeable ionization cham 
bers for measuring beta, gamma, 
or x-radiation up to 250 roentgens 
per hour 


Model 1620A-S Analytical Count 
Rate Meter offers a wide choice 
of full scale ranges, four time 
constants, wide range high volt 
age supply. it is shown with a 
Model D34 thin window G-M 
tube and P11 probe for continu 
Ous monitoring or analytical 
radioactivity determinations 








A PRIME OUTLET FOR 
GOOD PUBLIC RELATIONS 


and a desperately-needed public service 


One of the most effective public relations 
jobs ever accomplished was achieved last 
year by hundreds of companies and individ- 


ual businesses of every size. 


These companies have been helping to 
sustain an advertising campaign that per- 
forms a desperately-needed public service: 
It shows the American people how to drive 
to stay alive. It also portrays the almost 
unbelievable fact that more than 10.000 
men, women and children were killed in 
traffic accidents last vear—and tells what to 


do to help stop highway homicide. 


The campaign was prepared by a volunteer 
advertising agency in cooperation with The 


Advertising Council and The National Safety 


Council. But the over ten million dollars 
worth of time and space which carry the 
messages to the public was contributed by 
media owners or sponsored by business or- 


ganizations, in the public interest. 


Your own plans may readily permit the 
inclusion of such advertising—both from the 
view of the vital publie service it would per- 
form, and the incalculable good will it would 
promote for your name, your company, and 


your product or service. 


To find out how easily your own program 
can tie in with this nationwide effort, and for 
the complete story on who, what, when and 
where, we sincerely invite you to write to The 


National Safety Council, Chicago 11, Illinois. 


Published in cooperation with 
The National Safety Council 


The Advertising 





Three of America’s LARGEST ATOMIC POWER PLANTS 
win we MAJOR COMPONENTS “vy 


60,000 KW SHIPPINGPORT PLANT 
of the AEC and Duquesne Light Company 


%* Steam Generators. Two of the four steam generators for America’s 
first full scale commercial atomic power plant have been designed and 
fabricated by Foster Wheeler. They will convert heat from the pressurized 
water reactor into steam for operating the turbo generator. 


*&Pressurizer. Also supplied by Foster Wheeler is the 18-ft high, 300 cu ft 
pressurizer used to maintain coolant loop pressure. It is designed for 2500 
psig at 675 F and contains 342 electric immersion heaters for controlling 
operating pressure, 


236,000 KW INDIAN POINT PLANT 
of the Consolidated Edison Company 


* Separately-Fired Superheaters. Saturated steam from the pressurized 
water reactor will be superheated from 447F to 1OOOF by two Foster 
Wheeler oil-fired superheaters, each with a capacity of 1,075,000 lb/hr at 
410 psia. Compared to operation with saturated steam direct from the 
reactor, addition of the superheat cycle will raise plant capacity from 
140,000 kw to 236,000 kw and reduced estimated plant cost from $322 to 
$233 per kw 


180,000 KW DRESDEN STATION 
of the Commonwealth Edison Company 


yh Primary Steam Separator. Primary steam generated in the reactor 
will be separated from the water in a Foster Wheeler steam drum designed 
for a pressure of 1250 psia and capable of delivering 1,400,000 lb/hr at 
1000 psia with # moisture content of not over 0.1%. 


* Secondary Steam Generators. Primary nuclear heated water will be 
converted to secondary steam for a reduced-pressure turbine stage by four 
Foster Wheeler steam generators with a combined capacity of approxi- 
mately 1,190,000 lb/hr at 510 psia saturated. 


In addition to the above major nuclear well as specialized tank-type research 
components, Foster Wheeler know-how reactors. 

encompasses the design and fabrication For further details on any of these 
of complete nuclear power plants of the items, write to Foster Wheeler Corpora- 
I reactor 5 l fa 
aqueous homogeneous reactor type as tion, 165 Broadway, New York 6, N.Y. 


FOSTER WHEELER 


NEW YORK * LONDON «+ PARIS « ST. CATHARINES, ONT. 
Vol. 15, No. 4 - April, 1957 





Sodium-Potassium Turbine 





Intermediate 
Heat 
Exchanger 


Reactor Condenser 


























What makes LIQUID SODIUM 


a first-rate Reactor Coolant? 


At least 6 nuclear power plants now com- dled without corrosion in iron and steel 
pleted, planned, or under construction will equipment. 

use sodium metal in liquid form to transfer U.S.I. supplies more sodium to outside 
heat from reactor to steam generation cir- industry than any other producer of the 
cuit. Why have the designers of these sys- metal. For complete information on sodium 
tems selected sodium for the job? and its handling, send for the free 40-page 
Because sodium is a liquid from 207° to 1621° F., booklet “HANDLING METALLIC SODIUM 
a sodium-cooled system can operate at high ON A PLANT SCALE”. 

temperatures without expensive pressuriza- 
tion. In this way it can yield steam cycle 





efficiencies equivalent to those of conven- 
SOME REACTORS WHICH WILL USE SODIUM: 


tional power plants 


. P . (1) California—sodium-graphite reactor, 7,500 kw 
Liquid sodium can be pumped and circulated ' 
as easily as water. Further, because liquid (2) Nebraska—sodium-graphite reactor, 75,000 kw 
sodium has good electrical conductivity, it Iidaho—fast breeder reactor, 15,000 kw 


can be circulated with an electromagnetic Michigan—fast breeder reactor, 100,000 kw 
pump containing no moving parts With the Alaska (Anchorage)—sodium-deuterium reac 
907 ' ’ . tor, 10,000 kw 

low melting point of 207° F., it won’t solidify 
j ? Seawolf—sodium-beryilium reacto 
in the heat exchanger system if the reactor a Ton 
is slowed down New York—sodium-beryllium reactor 











Sodium has high heat conductivity, as well as 
good radiation stability and high tempera- 
ture stability. In the absence of oxygen, 
water, and other impurities, it can be han- 
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FREQUENCY STANDARDS 


AVIONIC 
FREQUENCIES 


PRECISION FORK 


FREQUENCIES 
240—400-500-1,000 cy. 


ACCURACIES 
Type 50 +.02% (—65° to 85°C) 
Type R50 +.002% (15° to 35°C) 
Requires double triode and POWER 


5 pigtail components 75 Watt 


Size, 1” diameter x 3%” high FREQUENCY STANDARD 
Weight, 3.5 ounces TYPE 2111C 




















FREQUENCIES: .........50 to 1,000 cycles 


ACCURACY: ..+.002% (+15° to +35°C) INDUSTRIAL 


OUTPUT: 115V, 75 Watts 


INPUTS ceccccces 110V, 50 to 75 cycles FREQUENCY 
SIZE: with cover... .10’x17"x9” high STANDARD 


PANEL model,. .10’x19”x8%” high TYPE 501 


WHIGETS ccccccvcces 25 pounds ¢ 


4 
ys 50-60-75 or 100 cy. 


ACCURACIES 
TYPE 501 
+.02% (—65° to 85°C) 
TYPE R5OL 
+.002% (15° to 35°C) 


FREQUENCIES 





This organization makes frequency 
standards within a range of 30 to 30,000 INPUT: 150 to 300V, B (6 V at .6 amps.) 
cycles. They are used extensively by a py ee 2V into 200,000 ohms. 


aviation, industry, government, (armed SIZE:. .3%"x4%"x5 4" high. Wet., 2 Ibs. 
forces) where maximum accuracy and 
durability are required, 


' American Time Products, Inc 
' 580 Fifth Ave., New York 36, N.Y 


Decl altel aM la alte ck ele LOL SLIM | coviemen: Pose send detcils on your Tye 


Tae aed 
580 Fifth Avenue, New York 36, N. Y. pdben 


ee ee 
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Mars is 
moving 
fast! 





Mars engine has proven its worth 
In more than 15 applications. 


Many new uses for the compact, reliable 50 hp 
Mars gas turbine have been developed in the last 
few years. Engineers welcome the high power-to- 
weight ratio of the Mars turbine, its fast starting 
under extreme temperatures, its easy maintenance, 
its sturdy dependability with infrequent overhauls. 
If you need a reliabie 50 hp prime mover for pumps, 
auxiliary electric power or compressors, write Dept. 
C-145, Solar Aircraft Company, San Diego 12, Calif. 


SOLARNY. | 


AIRCRAFT COMPANY DES MOINES 


Pod-mounted electric power supply 
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“Mars is the registered trade mark of Solar Aircraft Company for its 50 hp gas turbine engine. 
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Maybe that special material you need is... 


Write for this 
FREE 
idea starter 





ALITE 


Throughout industry, design 
engineers are discovering the 
remarkable qualities of Alite — 

and are using Alite’s unusual 
combination of desirable properties 
to improve existing products or 
create new ones. 

The Alites are a series of high- 
alumina ceramics especially 
developed by U. S. Stoneware to 
meet the demands of higher thermal 
shock resistance, greater mechanical 
strength, and better electrical 
properties, to name just a few. Alite 
is vacuum-tight, can be metalized 
and fabricated into hermetic 
ceramic-to-metal assemblies for 
rugged service in a host of critical 
applications, both electrical 

and mechanical. 

If you have a materials problem in 
the mechanical, electronic or 
nucleonic fields, designing for Alite 
could well be the answer. We invite 
inquiry on your specific applications. 





Have you been 
looking for a 
material with 
properties such 
as these? 


Superior mechanical strength 
Extreme hardness 

Exceptional abrasion resistance 
High temperature stability 
Excellent dielectric characteristics 
High corrosion resistance 
Resistant to nuclear radiation 
Workable to precision tolerances 





Bulletin A-7R gives advantages and pos 
sibilities of Alite, plus complete compara 


tive data 


ALITE pbivision 
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AKRON 9, OHIO 








central station 
power 


¢ THE 
CLOSED-CYCLE 
GAS-COOLED 
REACTOR 


propulsion 


process heat 


For latest information on FICo’s 
progress toward development 
of the closed-cycle gas-cooled 
reactor—or for information on 
FICo’s abilities in reactor con- 
trol, instrumentation, and reactor 
components —Write: 


) Dept. NS 


‘S FORD INSTRUMENT CO. 


DIVISION OF SPERRY RAND CORPORATION * 31-10 THOMSON AVENUE, LONG ISLAND CITY 1, N. Y. 
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A recent example of Struthers Wells ability to design, 
fabricate and weld, using the special non-ferrous alloys, is 
this intricate machine for the processing of nuclear ma- 
terials. This equipment was fabricated from Columbium 
stabilized Chrome Nickel to provide an ultimate of strength 
and corrosion resistance at extremely high temperatures. 
It features oil-cooled shaft bearings and agitators driven 
by 150 hp variable speed motors. The vessel trough was 
fabricated from one-inch thick plate with a heavy flange 
around the top. 

This is typical of the special equipment designed, welded 


EXPERIENCED, 

EQUIPPED AND MANNED, 

FOR THE DESIGN, 

FABRICATION AND WELDING 

OF SPECIAL NON-FERROUS ALLOYS 


STRUTHERS WELLS PRODUCTS 


PROCESSING EQUIPMENT DIVISION 
Crystollizers . . . Direct Fired Heoters . ., 


Eveporators .. . Heot Exchangers .. . Mixing 
and Blending Units . . . Quick Doors 


and fabricated by the experienced personnel of Struthers 
Wells Corporation, whose complete facilities include un- 
usually adequate equipment for stress relieving, annealing 
and quenching. 


. » « Special Corbon and Alloy Processing 
Vessels... Converters : 
BOILER DIVISION 


BOILERS for Power ond Heat .. . High and 
Low Pressure... Woter Tube... Fire Tube... 
Pockage Units 


ccoqtartetaass | STRUTHERS WELLS Corporation 


Bock-up Rolls 


MACHINERY DIVISION 
MACHINERY for Sheet ond Structural Metol 
Forming ... Benders 
Mochines . .. 


Plants at Warren 
and Titusville, Pa. 


WARREN, PA. 


Representatives in Principal Cities 
Vol. 15, No. 4 - April, 1957 











Thru the 


e NDA lives in the Wonderland of 
atomic energy. Through thick protective =, 


windows like these at NDA-Pawling Lab- [aa ee 
oratories, scientists and engineers can ex- >: 4 <Z-- 


amine and work with radio-active mater- 

ials. The effects of radiation on atomic ‘3 
fuels vital for military and civilian atomic in \ . 
power are studied. _: > 


| a 
#46 


e Advanced knowledge is constantly Says J CT qi) 
= . f 
AV 
hw | 


< 





sought and found with safety:despite the ea 
hazards of radioactivity. In the Radioac- Wh 
tive Materials Laboratory, NDA has in- 
stalled flexible facilities of unique design. 
Despite thick walls of lead, concrete, and 
glass, experiments can be built quickly, 
performed easily, and dismantled without 
disruption of satisfactory operations in ad- 
joining facilities. 





e Among projects being forwarded by 
NDA are a high-powered testing reactor 
for Belgium and an atomic power plant 
of advanced design known as the Sodium 
Deuterium Reactor (SDR). Assistance is 
also being given to numerous other mili- 
tary and civilian atomic power projects. 











NUCLEAR DEVELOPMENT CORPORATION of AMERICA 
N D A= 5 NEW STREET, WHITE PLAINS, NEW YORK 
TELEPHONE: WH 8-5800 
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of Key Developments in Atomic Energy 


AEC Seeks to Allay Bearishness on Nuclear Power 


A mood of disillusion, mild but unmistakable, seemed to hover over 
the industry at the Nuclear Congress in Philadelphia last month—con- 
tinuation of a trend that was first noted at the last previous industry- 


wide meeting six months ago. 
as if they had foreseen this, offered 
a reassuring look into the future. 

The week-long session at Philadel- 
phia was surely the biggest nuclear 
meeting yet held in the U. S. The 
four-ring circus brought together in 
cavernous Convention Hall the 2d 
Nuclear Engineering and Science 
Conference (158 papers in four 
days), the 5th National Industrial 
Conference Board meeting on 
Atomic Energy in Industry (67 
papers in two days), the 5th Hot 
Fab Conference (63 in two), and 
the 3rd International Atomic Ex- 
position (118 exhibitors). More 
than 3,000 attended the N.E.S.C., 
and 1,600 registered for the N.I.C.B. 
sessions (with considerable overlap, 
of course). 


Davis-Roddis Forecast 

The forecasts by W. Kenneth 
Davis, director, and Louis H. Roddis 
Jr., deputy director of the Division 
of Reactor Development at AEC, 
were higher than any made previ- 
ously by authorities in the field. 
Their report came as the bright spot 
at a meeting where the mood of 
sobriety, perhaps in certain cases 
even disenchantment, that was first 
noted at the Atomic Industrial Fo- 
rum conference in Chicago last Sep- 
tember (NU, Oct. 56, R6), was still 
in evidence. 

That the size of their forecasts 
was no accident was made explicitly 
clear by Davis and Roddis: “Our 
estimates of long-range future nu- 
clear capacity and output [see Table, 
p. 18] are somewhat higher than 
those we made two years ago and 
substantially higher than those made 
by some of our fellow forecasters. 
To a large extent, these higher 
estimates are explained by higher 
expectations regarding total utility 
installations, both nuclear and non- 
nuclear.” 

Davis and Roddis began by offer- 
ing a long-needed definition of gene- 
alogy in power reactors. They see 
the plants that will go into service in 
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But AEC’s top reactor experts, almost 


1957 through 1959 as belonging to 
an experimental period in which 
there is no hope of approaching 
competitive power, in which costs 
may run from 20 to as high as 50 
mills/kwh. The first generation of 
true industrial nuclear power plants 
will come on stream in 1960 to 
1964, building on the technology 
and experience accumulated in de- 
sign, construction and operation of 
the early experimental wee their 
power costs, after initial shakedown, 


| 


will run 10-18 mills/kwh (assuming 
1957 price levels). Capital costs of 
$300-—$400/installed kw as com 
pared with $115-$180 for coal-fired 
— high costs of obtaining safety 

use little factual information is 
available, use of expensive materials 
for lack of experience with cheaper 
substitutes, and high fuel cycle costs 
because of high Skctoation costs and 
relatively short-lived fuel elements, 
all contribute to the estimated dis- 
crepancy as of 1964 between nuclear 
and conventional power costs. 

A second generation is considered 
to consist of plants entering service 
between 1965 and 1967. Capital 
costs may be expected to approach a 
competitive level as plant size in- 


Reactor to make cobalt, process steam—and profits 

Isotope Products, Inc., of Buffalo announced it will begin con- 
struction this summer, for operation in fall of 1958, of a boiling 
water reactor to produce cobalt-60 and process steam for the 
wood-pulp industry. Three “firsts” are claimed for the project: 
first to be designed specifically to produce radioisotopes; first in 
America, perhaps the world, to supply process steam for industry, 
and first “constructed solely for the purpose of returning a profit 
now.” Designed by Walter Zinn’s General Nuclear Engineering 
Corp., the unit will produce 1-million curies/yr of Co® and 50,000 
Ib/hr of 200 psi steam. Sale of the former is expected to return 
$2-million/yr; the latter will be supplied to a pulp and paper mill. 
Negotiations are underway for steam sale and site location with 
“nearly a dozen” firms in the high fuel cost areas of New England, 
the midwest and Ontario, but identity of “several very substantial 
corporations” participating in the project was not disclosed, nor 
was the cost of the reactor. The core will be of special design 


40 


to optimize Co 


and steam production, and the control system is 


also unique; no experimental facilities will be provided, the project 
being conceived as a straightforward chemical production plant 


Westinghouse, GE active in Orient 
Westinghouse is in final stages of negotiations with Mitsubishi 
Electric Co. of Japan on a $1-million technical-aid-and-parts deal 


for a pressurized water power reactor. 


Mitsubishi wants to fabri- 


cate as much itself as it can, would import from Westinghouse the 
fuel elements, shield, pressure vessel, control rods, rod drive mech- 
anism, coolant pumps, and special materials. 

Nucieonics learns also that a deal is pending between Tokyo 
Shibaura and General Electric; and that Westinghouse will sell a 
small pressurized water power reactor to Taiwan (Formosa) if the 
touchy financing problem can be solved. 
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creases, less costly materials are 
used, and more knowledgeable ap 
proaches to safety needs on 
Fuel fabrication and fuel life prob 
lems may still require further solu 
tions. Nevertheless, say Davis and 
Roddis, “plants going into service 
toward the end of this generation 
after their initial shakedown, should 
achieve costs in the range of 9-11 
mills. Considering further cost re- 
ductions to be expected during the 
lifetime of the Tanta, they should 
be competitive with modern con 
ventional plants in at least some 
parts of the U. S.” 
with the McKinney Report forecast: 
“Decisions made on the basis of data 
which should be available around 
1960 could result in economically 
competitive atomic 
coming into operation 3 to 5 years 
later, or around 1965. Thus 1965 
marks, approximately, the earliest 
time at which widely-competitive 
atomic power generation is likely to 
begin in the U. 8.” 

Following the second generation, 
say Davis and Roddis, further cost 
reductions will take place, “reaching 
a range of 6 to 7 mills by 1980. 
This would make nuclear power 
competitive with conventionally 
fueled plants in all parts of the U.S 
except a few locations with very low 
fuel costs.” 


This « ompares 


powerplants 


Amounts of Nuclear Power 

The experimental period reactors 
will total only 130 Mw installed ca 
pacity and nearly all of that from 
the ee large-scale plant in the 
group, the Shippingport PWR. For 
the first generation ending 1964, 
Davis and Roddis foresee 2,500 Mw 
[their list of 18 first-generation proj 
ects includes four actually under 
construction (Con Edison, Common 
wealth Edison, PRDC and Yankee); 
one almost two years under develop 
ment (PAR); five awaiting conclu 
sion of contract negotiations with 


£ Mills/kwh 
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Conventional costs 
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Costs for plant x 











i J 








0 
1955 1960 1965 


DAVIS-RODDIS COST CURVES. 


1970 1975 1980 


Chart also illustrates fact that for any hypothetical 


plant X, initial operating costs are higher due to special start-up problems; chart 
estimates are based on “‘stabilized"’ costs discounting this factor 


AEC (Consumers of Nebraska, Elk 
River, Wolverine, Piqua, and Chu- 
gach); five announced as definite 
intentions (Florida group, Carolinas- 
Virginia group, Middle South, New 
England Electric System, and North- 
ern States Power group); and three 
under consideration (Ohio Valley 
group, Pacific Gas & Electric, and 
Pacific Power & Light group) | 
Toward the end of the first gener- 
ation, the AEC leaders expect “a 
turning point when a fairly large 
number of power producers and 
equipment manufacturers will be 
come confident that plants can be 
planned and designed which will be 





Forecasts of Installed Nuclear Capacity* 


Davis and Roddis, March 1957 
Davis, April 1955 


James Lane, Oak Ridge National Lab., 1953 


McKinney Report, Jan. 1956 
Upper range 
Lower range 


1960 1965 1970 1975 1980 


0.8 4.0 226 88.9 
08 45 27.0 83.0 
05 12.0 


0.8 9.0 45.0 
0.8 ‘ 9.0 20.0 


B. R. Prentice, General Electric Co., for McKinney 


panel, Nov, 1955 


* All figures in thousands of megawatts electrical 


0.8 é 12.3 48.0 
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economic when built and success- 
fully operated over a long period of 
time during which coal and oil 
prices would be increasing slowly. 
This turning point may be partially 
»sychological in nature, although 
yased to a considerable extent on 
scientific and engineering judgment.” 

Several years will be required for 
this turning point to take effect, be- 
cause of the lead time needed be- 
tween first planning and final com- 
pletion of a nuclear station. Once 
that happens, however, the nuclear- 
fueled proportion of total additions 
each year to power capability will 
rise steadily from about 8% in 1967 
to about 66% by 1980; after that 13- 
year expansion phase, percentage of 
nuclear additions to the grid will de- 
cline as it approaches saturation 
“The non-nuclear portion may be 
expected ultimately to hold stead, 
at about 25% of capacity added each 
year, in the form of hydro plants, 
very small plants, or plants located 
where fossil fuel costs are very low.” 


AEC’s Crystal Ball 


On the basis of these “key expec- 
tations,” Davis and Roddis present 
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this look into the future of U. S. 
power generating capacity: 





Total Nuclear Nucléar 

capa capa- as % of 

bility bility total 
(Kw x 10°) 


1957 30. 0.08 0.1 
1960 he 08 0.5 
1965 : 4.0 1.6 
1970 0! 22.6 6. 
1970 } 88.9 ie 
1980 700. 227.2 32.5 
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Total energy output from nuclear 
plants will involve slightly higher 
percentages than installed capacity, 
as nuclear plants may be expected 
to operate at higher average load 
factors than the average of conven- 
tional plants, Davis and Roddis point 
out 

“This is a period of some discour- 
agement with respect to the cost of 
building and operating power re 
actors,” said the AEC officials in 
conclusion. “After the excessive 
optimism of two or three years ago, 
we are at grips with the hard reali 
ties of developing and building real 
nuclear power plants. This does 
not turn out to be an easy task. 
There are many difficulties and the 
way ahead is not wholly clear. 
However, just as it was unfortunate 
to have had this overoptimism two 
or three years ago about 4- and 5- 
mill nuclear power, it would be 
equally unfortunate to let the pres- 
ent frustrating but not unexpected 
engineering difficulties lead us to 
undue pessimism about the future of 
nuclear power in the U. S. 

“Some years from now, we believe 
that nuclear plants will have higher 
capacities than the present conserva- 
tive designs permit and that they 
will be built more simply and more 
cheaply. We believe also that we 
will find ways of making fuel ele- 
ments of long life cheaply and with 
adequate reliability. Some of this, 
pe rhaps the major part, will be ac- 
complished simply by dogged engi- 
neering development work. The 
rest will come from the new ideas 
and inventiveness that have ever 
characterized the advance of tech- 
nology in the U. S. 

“These advances will take time, 
money, facilities, and, most impor- 
tantly, they will require the Lost 
engineers and scientists working in 
the most effective manner. We 
acknowledge that in the light of 
present-day knowledge, the estimates 
we have presented may appear 
optimistic. They depend upon vig- 
orous and successful prosecution of 
the present development program. 
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They assume a fertile climate for 
the growth of a nuclear power in- 
dustry in the U. S. The Shistory of 
similar developments in the past 
fully justifies our optimism. 

“We must be realistic about the 
task that lies ahead and the prob- 
lems that must be solved. Let us 
be optimists—but realistic optimists. 
We believe that the task can be and 
will be accomplished.” 


Durham Asks More Vigor 
In A-Power Development 


Joint Committee chairman Rep. 
Carl T. Durham weighed in with 
criticism of the A-power program, in 
an address cuneate entitled 
“Some Realism on Atomic Power 
Development.” Apologizing at the 
outset (“I am in a sense stepping a 
bit out of character, for I am one of 


Alco gets Alaskan reactor design job 


Alaskan District Corps of Engineers has awarded a design con- 
tract to Alco Products for a power-and-heat reactor for a military 
installation, according to a Nucteonics dispatch from Anchorage. 
Last summer Congress voted $500,000 for such a design job (NU, 
Aug. ’56, R9). Size and site were not disclosed, but expectations 
are that it will be a $4-million, 1.5-Mw modified APPR for the Big 
Delta in interior Alaska. 


Eisenbud among new IAEA aides 


Merril Eisenbud, manager of New York Operations Office of 
AEC, is one of four scientists engaged by the Preparatory Commis- 
sion of the International Atomic Energy Agency to aid an 18-man 
working group of senior experts in working out a program for the 
Agency’s first year. He has taken three months’ leave. His new 
colleagues are M. E. G. Bancora, physics professor and director of 
fundamental research of Argentina’s AEC; Hubert de Laboulaye, 
technical advisor for foreign relations and senior physicist in the 
reactor development division of France’s AEC; and D. M. Skorov, 
professor of metallurgy at Moscow Institute of Physics and Engi- 
neering. During its first session last month, the 18-man working 
group discussed reactor programs, isotopes, research, training, 
health and safety, exchange of information, and safeguards, as 
fields in which IAEA has an interest. U. S. delegate on this group 
is Richard L. Kirk, newly-appointed assistant director of interna- 
tional affairs at AEC; A. P. Zefirov represents the U.S.S.R. August 
19 is tentative starting date for [AEA’s first General Conference. 


Chemical processing cost set 


AEC has finally given an indication of what fuel reprocessing 
will cost: $15,300 will be the “standard daily processing charge” 
at a “conceptual plant capable of processing all the fuel elements 
types now known to be planned for use in power reactors.” This 
is based on an assumed plant's construction costs of $20.6-million 
and annual operating costs of $4.6-million. The plant would be 
capable of handling one ton of natural or slightly enriched uranium 
daily, and would operate 300 days/yr, yielding purified nitrate 
salts of uranium and plutonium, Conversion to UF, or Pu metal 
will carry an additional charge, not yet set; $35/kg has been 
quoted by AEC to PRDC for converting uranyl nitrate hexahy- 
drate to UF, at 2.5% enrichment. The price will be less for lower 
enrichment. AEC announced contract terms last month (NU, 
March °57, R3). 


Brazilian power plant set for Rio area 


Niteroi, across Guanabara Bay from Rio de Janeiro, has been 
selected as site for the 10-Mw nuclear power plant American & 
Foreign Power will install in Brazil (NU, Nov. 56, R6; March °57, 
R9). Brazil and Cuba will get General Electric boiling water re- 
actors 
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the greatest optimists about the 
present and future prospects for 
atomic energy development”), the 
North Carolinian iecod tate the Ad 
ministration for the “stretch-out” on 
the nuclear plane program (NU 
March '57, R6). “the Defense De 
partment is again using the meat 
axe instead of the scalpel on the Air 
craft Nuclear Propulsion program,” 
he said. “Here is a program where 
the sound principles of management 
have constantly been violated 
Management has been indecisive 
with authority spread out among 
several _ different offices and 
branches. In the current cutback 
no objectives, schedules or target 
dates have been set to provide 
guidance in the program.” 

Durham expressed concern over 
evidences of increasing nuclear 
power project costs presented to 
the Joint Committee in February 
(NU, March ’57, R5). “These 
somewhat unpleasant facts raise a 
number of questions: Who is going 
to pay these increased costs?’ What 
are the implications as to the real 
ities of private participation in atom 
ower Sicdamntat during the next 
live or ten years?” Answering his 
own questions, Durham said it 
would probably be primarily the 
equipment manufacturer who will 
pay the increased costs, with some 
of them being shared by power 
operators “to be charged off through 
their rates.” On the second ques 
tion, he cited the recent Atomic In- 
dustrial Forum survey (NU, Feb 
57, RG) that showed the belief of 
industrialists that lack of financial 
incentive is their primary problem. 

Durham also was upset over the 
problem of U. S. welll leadership, 
which he feels is being seriously 
challenged—by the British, by the 
Russians, by Euratom. “Our atomic 
leadership 1as become a part of our 
foreign policy, whether we like it 
or not,” he said. “The challenge 
and opportunity is there. I believe 
we can meet it. But we can't 
afford to wait another year or two 


. . » This urgent need for atomic 


power in foreign countries offers a 
great opportunity for our domestic 
atomic equipment industry to get 
some experience and make some 
money in foreign markets until 
atomic power becomes more eco 
nomic here. But .. . witnesses [at 
the 202 hearings] were practic ally 
unanimous that we need a far more 
aggressive program to back up ou 
equipment suppliers in their efforts 
abroad. Red tape needs to be cut, 
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and reactor projects need to be con 
sidered and sold as a package in 
cluding fuel fabrication and reproc- 
essing in order to compete with our 
friends abroad.” 

The JCAE chairman made six 
specific recommendations: 

1. Construct an additional Pu- 
production reactor at Hanford, its 
waste heat tapped for power; 

2. “Authorize vad wanted and 
construction of a Mark-I Flying 
Prototype of a nuclear-propelled air- 
craft with a realistic target date for 
completion”; 


3. Substantially more AEC funds 
for reactor research, development; 

4. Inaugurate an aaah 
domestic reactor demonstration pro- 
gram to ensure a variety of proto- 
type power reactors operating in 
the U. S. by 1961-62; 

5. Establish a foreign power-re 
actor demonstration program assist- 
ing friendly nations abroad and 
helping provide research and de- 
velopment aid and a foreign market 
for domestic equipment makers; 

6. Enact the indemnity bill to 
cover liability for reactor accidents. 


Recent Contract Awards On Nuclear Scene 


Leeds & Northrup has _ been 
awarded contracts for the control 
systems of the Babcock & Wilcox 
pool research reactor for Brazil and 
of the Foster Wheeler tank research 
reactor for Denmark. The latter 
will be similar to the control system 
L&N designed for the Livermore 
pool reactor (also built by Foster 
Wheeler), although the Livermore 
pool will operate at 1 Mw and the 
Danish caak unit at 5 Mw. L&N 
also has built complete control 
systems for EBWR, ETR, the 
Geneva, Penn State, Michigan U., 
MIT, and Curtiss-Wright research re- 
actors, and parts of others . . . Fluor 
Corp. will build one uncooled and 
two cooled 300,000-gal stainless steel 
tanks for storage of aqueous wastes 
at the Idaho chemical processing 
plant, for about $380,000... . 
Glenn Martin nuclear division has 
signed a contract with AEC to proc- 
ess 65 kg UF, into 50 kg UOs. 


Martin Nuclear is nearing completion 
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of facilities to fabricate this fuel into 
tubular elements; these are sched- 
uled to undergo thorough testing 
by year’s end. Similar tubular ele- 
ments will be used in the 1-2-Mw, 
air-transportable Martin package 
power x ry . . . Fairchild Camera 
& Instrument Corp. has received a 
second Navy contract for design and 
fabrication of a portion of a tran- 
sistorized power reactor control 
system, including all components of 
a power level measuring system 
reading out neutron flux from start- 
up through power ranges. This is 
the 15th contract for Fairchild’s 
year-old nuclear instrumentation 
dept.; sales include two transistorized 
radiation monitoring systems com- 
prising air particle monitors, gamma 
and neutron channels, for the Navy; 
naval reactor control rod drives; 
valve position indicators; a fuel ele- 
ment detector system and pitch-and- 
roll-compensating instruments for 
naval reactors. 


OUTLET NOZZLE 


HOLD DOWN SPRINGS 


SPRING SHROUD 


New design for Indian Point first-core fuel element 


Ceramic-type element (NU, March '57, R1) is designed for 600 days’ lifetime at full 
power as against 365 for original plate type (Aug. ‘56, 70). Core loading will be 
500 kg fully enriched U™ in form of UO:, homogeneously mixed with 16,500 kg 
thorium oxide; 120 such elements will each be made up of 6 bundles of 206 fuel 
pins containing compacted powder fuel; elements are 111% ft long, individual pins 
0.3125 in. dia. Babcock & Wilcox's Alliance plant is carrying out physical and 
mechanical tests on element; a full-scale in-pile loop test will start shortly 
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Britain's First A-Sub: 
A New HMS Dreadnought 


Britain’s first nuclear submarine 
will bear a famous name, illustrious 
in the Royal Navy: Dreadnought. 
Vickers-Armstrong Ltd. will build 
the craft, the Admiralty’s financial 
secretary, Christopher Soames, re- 
ported to Commons; an order has 
been placed with Vickers shipyard 
for construction of the prototype 
submarine, and Vickers Nuclear En- 
gineering Ltd. is already well along 
with designs for her prototype reac- 
tor. Rolls-Royce and Foster Wheel- 
er Ltd., co-founders with Vickers- 
Armstrong of Vickers Nuclear 
Engineering, will also figure promi- 
nently in handling engineering 
problems under general supervision 
of the Atomic Energy Authority. 
The joint firm has been engaged 
since its founding in February 1956 
on development of propulsion 
machinery ser on a pressurized 
water reactor. The three partici- 
pating companies are pooling their 
experience and technical resources; 
Rolls-Royce is responsible for de- 
sign of the reactor and associated 
equipment; Foster Wheeler for the 
steam generators and auxiliaries, and 
Vickers-Armstrong for the turbines, 
condensers, etc. As in the U. S., 
the prototype machinery will be in- 
stalled in a land-based hull for pre- 
liminary testing and proving. 

In another project, AEC is build- 
ing a zero-power, organic-moderated 
experimental ship propulsion unit 
at Harwell. It is believed that this 
approach will result in an engine 
yi sere power at a cost far below 
that of Nautilus. 


AEC Licensing News 
Licenses granted: Aerojet-General 
Nucleonics, to operate third AGN- 
201 reactor (serial 102), 3/14/57; 
fourth (serial 103), 3/29/57 


Construction permits granted: 
North Carolina State College au- 
thorized to modify its research reac- 
tor, 3/6/57 

Lockheed Aircraft Corp., Van 
Nuys, Calif., for critical facility, 
3/14/57 

Babcock & Wilcox, to construct 
and operate critical facility at Lynch- 
burg, Va., 3/20/57 

Export licenses issued: AMF 
Atomics, to export a 1-Mw pool to 
Munich, West Germany, 3/15/57 

Application received: University 
of Buffalo, Buffalo, N. Y., to operate 
a 1-Mw pool, 3/11/57 

Oklahoma A. & M., to buy and 
operate AGN serial 102, 3/20/57 

Texas A. & M., to buy and op- 
erate AGN serial 106, 3/25/57 
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Cost of Huge British Program Yet to Be Clearly Fixed 


After several postponements 
Britain has finally lunged into a 
nuclear baseload power program 
consisting of no less than 6-million 
Mw from 19 stations by 1965. Cost- 
ing $2,520-million, it is the largest 
single industrial investment Britain 
has ever made, will save the equi- 
valent of 18-million tons of coal, 
and supply 25% of the nation’s 
power 5 NU, Feb. ’57, R7). 
But she so fumbled the announce- 
ment—four times the size of the 
original 1955 program, it is not to 
be the subject of a White Paper 
that the Economist commented, “A 
Government that muffs the launch- 
ing of a new atomic power program 
so badly as it did last week cannot 
altogether avoid the suspicion that it 
does not fully understand the im- 
plications of what it is doing.” 

Main confusion of the cost of the 
program sprang from Lord Mills’ 
original statement in the House of 
Lords where, in answer to startled 
questions about the over-all cost of 
the nuclear program, he offered a 
figure of $4,088-million. At the 
subsequent press conference at- 
tended by Lord Mills, Lord Citrine, 
and other top government officials, 
it required a huddled conference at 
the top table to resolve that this 
figure did, in fact, include the cost 
of 12,900 Mw of conventional steam 
generating plant and some distribu- 
tion costs for the same period. 

There was no less confusion as to 
whether the $2,520-million nuclear 
cost figure eventually settled on in- 
cluded the fuel charges. As a re- 
sult, three of Britain’s most re- 
sponsible dailies published widely 

iffering versions of the program. 


Cost Bases 

In effect the capital cost per kilo- 
watt of the plant and that of the 
fuel—which is considered separately 
as an operating charge—do not 
differ significantly from those on 
which the original 1955 program 
was costed. Thus 2,000 Mw at 
$353/kw for the plant sums to $694- 
million. Fuel cost rated at $81/kw 
sums to $162-million. Together 
they come to near the $840-million 
of the original program. For 6,000 
Mw, three times this cost figure 
approximates the figure for the ex- 


panded program. About half the 


capital cost is swallowed up by the 


reactor vesse] 

A big slice of the additional power 
results from conventional engineer- 
ing development of the Calder Hall 
type—mainly 1. Larger reactor 
vessels—75 ft dia spheres, 50 ft dia 








| 
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evlinders as against Calder Hall's 37 
ft dia vessel—which take twice the 
Calder Hall fuel load (500 tons in 
the largest); and 2. Doubling of 
heat extraction rates per ton of fuel 
by a 50% increase in gas coolant 
pressure. This feature is largely 
due to ability to site-weld 3-in. thick 
plate as against 2-in. plate at 
Calder. Together, these factors 
have by and large quadrupled out 
put per reactor. 

Recent statements by Sir John 
Cockcroft strongly indicate that all 
19 stations will be gas-cooled 
graphite-moderated types, with later 
ones to utilize slightly-enriched 
uranium. It is also likely that 
ceramic fuel elements will be avail- 
able towards the end of the period, 
operating at temperatures of 600- 
800° C. This would lead to such 
great increases in specific outputs 
that Sir ea ntinie 1,000 Mw 
feasible from two reactors per sta- 
tion. By 1965 capital costs are 
likely to be well how $280/kw as 
a result. 


Sites—and the Public 


The Government is_ clearly 
worried about public reaction to 
station siting. Because of their 
great size and coolant thirst (con 
siderably greater than that of a 
comparable coal station), sites will 
be restricted to river estuaries and 
the coast. No amount of govern 
ment propaganda can mask the fact 
that several beauty areas in Britain 
must soon be downgraded—if only 
by the distribution system. There 
are not too many suitable areas in 
Britain, and of these some are too 
close to built-up areas to be accept 
able in the present state of the art 
The cliff coastline of southern Eng 
land prevents use of sea-water cool 
ing; at coast regions are too popu- 
lated—this rules out the Thames 
estuary. And of the areas not 
properly sited to exploit coal-burn- 
ing plant, only the east coast south 
of the Wash and Bristol Channel’s 
southern coast remain 

It is likely that two stations will be 
placed in Wales, if only for political 
reasons. According to Sir John 
Cockcroft, one method of reducing 
the number of sites will be to locate 
four reactors together where the 
water supply is adequate 

The Government is not likely to 
award any more contracts until the 
sites have been definitely fixed. 

At month's end a spokesman told 
Commons that nuclear stations with 
ten times Calder’s output—or 960 
Mw-—may become feasible. 





The United States’ Reactor Builders: 


Research & test reactors 


Domestic 


ACF INDUSTRIES 
MIT (Cambridge ) 
AFNETR (Wright 

Patterson AFB) 
Case Institute group® 
(Cleveland ) 
Bell Laboratories*® 


(Whippany, N. J.) 


AEROJET-GENERAL 
21 AGN-201’s 


ALCO PRODUCTS 


ALLIS-CHALMERS 


AMF ATOMICS 
Battelle Memorial Institute 
(Columbus, Ohio 
Buffalo U. 
IRL (Plainsboro, N | 
Union Carbide (Tuxedo 


Park, N. Y.) 


ATOMICS INTERNATIONAL 
WBNS (Downey, Calif 
LIWB (Livermore, Calif. ) 
Armour Research Founda 

tion (Chicago ) 
KEWB (Santa Susana 
Calif. ) 
UCLA® 


BABCOCK & WILCOX 
Michigan U. 


Foreign 


Italy 
Netherlands I 


Swede 


NUCLEONICS 


W. ¢ 


vermany (Munich) 

Netherlands IT 

Japan II 

Greece 

McMaster College 
(Hamilton, Ont. ) 


(NAA) 

Japan | 

Denmark I 

W. Germany (Berlin) 
W. Germany ( Frankfurt) 
Spain Il 


Br izil 
W. Germany (Hamburg) 


COMBUSTION ENGINEERING 


DAYSTROM 
BNL Medical 
Curtiss-Wright 
(Quehanna, Pa. ) 
Dart argonaut 
( West Caldwell, N. | 


FOSTER WHEELER 


Livermore pool 


Ly nin urk I 


Power reactors 


Domestic 


GCRE ¢ 


APPR (Ft. Belvoir ) 
APPR-I1A (Alaska) * 


Northern States Power roup 


RCPA (Elk River, Minn. ) 


SRE, (Santa Susana) 
CPPD (Hallam, Nebraska) 
OMRE (NRTS Idaho ) 
Piqua, Ohio 


LMFRE } 

Con Edison (Indian 
Point, N. Y.) 

First merchant ship 

Florida group | 


submar ine 


SIC 


Wolverine ( Hers« y, Mich. ) 


Foreign 


Rheinisch Westphilische 
Elektrizitatswerke 
(Essen, W. Germany ) § 


AE& F. P., Mexico § 





How to Read Reactor Alphabet-Soup 


AFNETR 
ANi. 
ANP 
APPR 


Arbor 
A. & F.P. 


Air Force Nuclear Engi 
neering Test Reactor 
Argonne National Lab 
Aircraft Nuclear Propulsion 
Army Package Powe 
Reactor 
Argonne Boiling Reactor 
American & Foreign 
Power Co 


BNL 
CPPD 


EBR-2 


EBWR 


ETR 
FIR 


Brookhaven National Lab 

Consumers Public Power 
District 

2d Experimental Breeder 
Reactor 

Experimental Boiling Water 
Reactor 

Engineering Test Reactor 

Food Irradiation Reactor 


GCRE 


HRE-2 


IRL 


KAPL 
KEWB 


Gas Cooled Reactor Experi- 
ment 

2d Homogeneous Reactor 
Experiment 

Industrial Reactor Labora 
tories Inc. 

Knolls Atomic Power Lab. 

Kinetic Experiment for 
Water Boilers 
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Projects Built, Building or Ordered 


Research & test reactors 
Domestic Foreign 
GENERAL DYNAMICS 

} ANP reactors “Swing” reactor 


(Chalk River, Ont. ) 


GENERAL ELECTRIC 
ANP high temperature 
2 ANP Lockheed 


research reactors 


Spain I 
Venezuela 
Argentina 
2 Thermal test reactor 

Washington State Coll. 


KAISER 
ETR (NRTS, Idaho) 
FIR (Stockton, Calif. ) 


MARTIN 


NUCLEAR DEVELOPMENT CORP. OF AMERICA 
Belgian Test Reactor { 


PHILLIPS PETROLEUM 


WESTINGHOUSE 
WTR (Waltz Mill, Pa.) 


FOLLOWING ACTED AS OWN PRIME CONTRACTORS 
North Carolina State! 
Penn State 
Naval Research Lab. 
Washington, D. C.) 
NACA (Sandusky, Ohio ) 
Omega West (LASL) 


* Design contract only. 
| Power experiment, no turbine. 
t Selected to design & build reactor, but no contract yet 


Power reactors 


Domestic Foreign 


A & F. P. Cuba§ 
A. &. F. P. Brazil§ 


Prototype boiling reactor 

( Vallecitos, Calif. ) 
Commonwealth Edison 

( Chicago ) 
Seawolf protot (S1G)} 
Seawolf ($2G ae ' 
lriton prototype (S3G) 
2 Triton (S4G) 
Destroyer prototype (DIG) 
Plutonium recycle reactor 


Dominican Republic § 


SDR (Chugach), 
(Anchorage, Alaska) 


SPERT-1 (NRTS) 


PWR (Shippingport, Pa. ) 
Yankee Atomic ( Rowe, Mass. ) 
PAR (eastern Pennsylvania ) 
Nautilus prototype (S1W) | 
Nautilus (S2W)}|| 

2 S3W submarines 

3 S4W submarines 

7 SSW submarines 


Belgian Thermal Reactor 
Italy ( Edisonvolta )§ 


2 AILW carrier prototypes 
% A2W carrier reactors 
2 F1W cruiser reactors 


Fermi reactor (PRDC) 
EBWR,|| EBR 1 & 2, ALPR, 
Arbor,} Borax 4+'| (ANL) 
HRE 1 & 2 (ORNL) 
LAPRE, LAMPRE (LASL) 


§ Bilateral agreement yet to be completed, 
{ Designers and advisors on fabrication & construction. 
Reactor completed and operating. 





Los Alamos Molten Plutonium NROE 
Reactor Experiment 


Los Alamos Power Reactor 


LAMPRI 

LAPRI NRTS 
Experiment 

Los Alamos Scientific Lab 

Livermore Water Boiler 

Liquid Metal Fueled Rea 
tor Experiment 

National Advisory Commit 
tee for Aeronautics 


LASL 
LIWB 
LMFRE 


OMRE 
ORNL 


NACA PAR 
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Naval Reactor Organic 
Experiment 

National Reactor Testing 
Station 

Organic Moderated Reactor 
Experiment 

Oak Ridge National 
Laboratory 

Pennsylvania Advanced 
Reactor 


PRDC Power Reactor Develop 
ment Co, 

PWR Pressurized Water Reactor 

RCPA Rural Cooperative Power 
Ass'n. 

SDK Sodium-Deuterium Reactor 

SRE 


WBNS 


Sodium Reactor Experiment 

Water Boiler Neutron 
Source 

Westinghouse Test Reactor 
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Reactor News 


DEATH KNELL FOR KNOLLS’ SUB REACTOR 


SIR Mark A, the land-based Seawolf prototype reactor 
in the big steel sphere at West Milton, N. Y., has been 
deactivated and will be “disposed of.” Contrary to 
some published statements, the prototype never worked 
well since it was started up in May 1955; in its current 
report to Congress, AEC says, “Since leaks developed 
in the superheaters, the prototype operated at 40% of 
rated power with the leaking line tert by-passed. 
Cause of the leaks remained to be determined.” The 
General Electric-operated Knolls Atomic Power Labora- 
tory, which developed the sodium-cooled SIR (Sub- 
marine Intermediate Reactor), has been assigned a new 
project: a pressurized water reactor for destroyers (NU, 
March ’57, R3). Deactivation of SIR-A follows a De- 
partment of Defense statement that it does not plan to 
install sodium-cooled reactor systems in any other naval 
vessel, and that experiments to develop operating in- 
formation required for the sea trials of Seawolf Seat 
been completed. “Plans for the disposal of the reactor 
and equipment at West Milton are being prepared by the 
Commission,” AEC said. However the 225-ft dia steel 
sphere will be retained intact “for future use in ex- 
perimental operation of prototype nuclear power plants.” 
AEC defended the SIR project as having “ex bam a 
whole new technology” adaptable to land Be sodium 
systems for central station power, including development 
of fabrication techniques and components to handle 
high-temperature sodium. During its brief career, 
SIR-A, in addition to providing data for Seawolf, pro- 
duced about 2-million kwh of electric power, 765,000 of 
it sold since iast July to Niagara Mohawk Power Corp. 
at 3 mills/kwh. 

Meanwhile, Rear Adm. H. G. Rickover declared the 
main obstacles in nuclear power development lay not 
with reactor design but with performance of conventional 
components (excerpts p. 78). 


THREE NEW POWER PROJECTS 


Three utility groups are planning nuclear power stations: 
(1) American Gas & Electric Service Corp. led by Philip 
Sporn, together with 11 private utilities in Ohio, Indiana, 
Kentucky, West Virginia, Maryland and Pennsylvania, 
plan a $15- to $31-million research program including 
construction of a 50-Mw (heat) prototype (perhaps 
without turbine) for 1961-62 completion, followed by a 
200-Mw (electric) scale-up for service by 1964-65. 
Thee types are under coniiential a Babcock & Wilcox 
graphite-suspension unit with ceramic fuel elements; an 
NDA natural-U, liquid-metal-cooled, D.O-moderated set; 
and a General Electric sodium graphite reactor with 
ceramic fuel elements. (2) Pacific Power & Light of 
Portland, Ore., has bought 14 sq. miles west of Hanford 
as a nuclear station site, is continuing to study nuclear 
economics jointly with Washington Water Power, Port- 
land General Electric, and Montana Power Companies 
(3) Pacific Gas & Electric, already in on a 8-Mw GE 
pilot plant, intends alone or in partnership with other 
California utilities to propose a large, advanced pres 
surized water reactor in AEC’s third round. It has 
already obtained preliminary estimates from GE and 
Westinghouse. 
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ARGONNE’S SEVENTEEN 

CP-1 (Chicago Pile 1), the first reactor ever built, with 
which Enrico Fermi proved under the stands at Stagg 
Field that a chain reaction could take place, is well 
known by that designation; so is CP-5, the present 
Argonne heavy water research reactor. Less well known 
is that the CP series has reached 17. Here is the list: 


CP-2—the reconstructed Stagg Field reactor at Palas Park; 

CP-3—the first heavyweight reactor; 

CP-4—EBR-1; 

CP-6—Savannah River Pu-production reactor design; 

CP-7—EBWR; 

CP-8—EBR.-2; 

P-9—ALPR, Argonne Low-Power Reactor for the Army, 

P-10—an isotope-production reactor design, not built; 

P-11—Argonaut; 

P-12—Arbor (NU, Jan. '57, R8); 

CP-13—“The Mighty Mouse,” a 250-Mw high-flux research re- 

actor; 

CP-14—“The Hot Box,” probably a graphite-moderated, Na 
cooled engineering test reactor of very high flux; 

CP-15—the “slow-fast” reactor (NU, Dec. '56, R7); 

CP-16—a closed-cycle gas turbine system 

CP-17—a transient test facility 


Cc 
( 
c 
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'P-13 to -17 are study projects. There is also a ZPR 
series at Argonne of zero power reactors: ZPR-I was to 
prove the STR (Nautilus) design; ZPR-II, Savannah 
River; ZPR-II, fast reactor design; ZPR-IV, fast exponen- 
tial; ZPR-V, slow-fast; ZPR-VI, fast critical; ZPR-VII, 
thermal test facility; ZPR-VIII, Thud (see below). 


ARGONNE WORKING WITH A THUD 

A THUD program—Thorium—Uranium—Deuterium 
is underway at Argonne to determine the nuclear 
characteristics of ceramic-fueled reactors using cores 
fabricated from thoria-urania pellets. Exponential ex- 
periments are being carried out, and a zero power re- 
actor will shortly be in operation with a view to re- 
placing EBWR’s present plate-type core with one of 
this type late this fall, when its light water moderator- 
coolant is replaced with heavy water. 


ACF TO DESIGN CASE TEST REACTOR 

ACF Industries has been selected by Case Institute of 
Technology to make preliminary designs by August of 
a high-flux engineering test reactor and other nuclear 
research facilities for an industrial nuclear center pro- 
posed for Cleveland (NU, Feb. ’57, R12). Power of 
the MTR-type reactor has been upped to 15-20 Mw 
(heat) with 2 x 10” flux; estimated cost of the center 
has risen to $7-million. Schenley Industries has joined 
the original five sponsors. One of the five, the Austin 
Co. of Cleveland, will be architect-engineer for the 
center. Several 100-acre sites near Cleveland are under 
consideration. 


ADVANCED ETR DESIGN STARTED 

With AEC’s Engineering Test Reactor not yet critical, 
Internuclear Co. of Clayton, Mo., has already completed 
for AEC as preliminary design study of an advanced 
engineering test reactor with a thermal neutron flux 
some 10x greater than the level attainable in the more 
advanced test reactors now being built 


NEW IDAHO CONSTRUCTION 

Paul Hardeman Inc. of Los Angeles was apparently 
low bidder at $3,392,000 to build the Expended Core 
Facility (NU, Feb. "57, R10) at the NRTS naval reactor 
installation. The only other bid was $120,000 higher. 
. . » Arrington Construction Co. of Idaho Falls was ap- 
parent low bidder at $398,635 to build a radioactive 
waste disposal system at the NRTS naval reactor facility. 
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Report from Poland 





Portrait of a Soviet-bloc Country's Nuclear Effort: 
Physics Research Emphasized, Merchant A-Ships Planned 


WARSAW 

Nuclear energy work is to Poland 
both a very old and a very new 
thing: old in that Marie Sklo- 
dowska-Curie was, in a sense, the 
first worker in the field; new in that 
it was not until 1955 that develop- 
ment of atomic energy got under 
way on a broad front and with a 
sense of urgency. 

For until 1954 nuclear research 
and the application of nuclear 
energy had not been regarded in 
Poland as matters of urgent na- 
tional importance. True, Andrzej 
Soltan had created a nuclear re- 
search group in the Experimental 
Institute of Physics that had been 
established at Warsaw University 
before the war under the direction 
of Stefan Pienkowski; its postwar 
work had been supported by forma- 
tion of the Institute of Theoretical 
Physics under Leopold Infeld and 
Wojciech Rubinowicz. In 1953 an 
Institute of Physics of the Polish 
Academy of Science had been estab- 
lished, and here it was that that 
vear Jan Danysz and Jerzy Pniew- 
ski discovered a new ty of ex- 
citation of the nucleus—the bound 
hyperon. 

Nevertheless a feeling prevailed 
that Poland was not sufficiently well 
equipped to pursue such ambitious 
goals, and that other tasks such as 
that of industrialization were of 
greater urgency. Up to that time 
nuclear scientists in Poland had 
ivailable only a 1-Mev accelerator 
of the Greinacher type in Warsaw. 

In 1954 preparatory work began 
under Bronislaw Buras toward con- 
struction of a Polish reactor of the 
graphite-moderated natural uranium 
type 


Kickoff in 1955 

But it was in 1955 that work in 
nucleonics began to accelerate. 
[wo main factors were responsible. 
First, on Jan. 17, 1955, the Soviet 
Union announced that five countries 
from which it had been for some 
time receiving atomic materials 
China, Czechoslovakia, East Ger- 
many, Poland and Rumania—would 
be granted scientific and technical 
assistance that would enable them 
for the first time seriously to enter 
the nuclear field; aid was to include 
a research reactor, a_ cyclotron, 
radioisotopes and facilities for train- 
ing scientists and technicians at 
establishments in the USSR. Sec- 
md was the Geneva conference in 


Vol. 15, No. 4 - April, 1957 


August, which served as a further 
impetus to expansion of the atomic 
energy program, and drew public 
interest to it. 

The spirit and enthusiasm gen- 
erated by the Geneva meeting, and 
the promise of equipment, wrought 
a transformation in the position and 
tempo of nuclear science in Poland, 
and resulted in a number of new 
organizations—both governmental 
and academic—being created to 
carry out this development. 


New Organization 


On the governmental level, the 
0st of Government Plenipotentiary 
~ the Peaceful Uses of Atomic 
Energy was created—Wilhelm Billig 
is the first occupant—to draw up 
long-term development plans for the 
country and to coordinate the work 
of the various government depart- 
ments. The Plenipotentiary is ad- 
vised by a State Council on the 
Peaceful Uses of Atomic Energy. 
A Committee on the Peaceful Uses 
of Atomic Energy, attached to the 
Presidium of the Academy, was also 
established under Prof. Infeld to 
plan and coordinate nuclear re- 
search, to help organize training, 
and to publish the new quarterly 
journal Nukleonika. 

On the academic side, a new In 
stitute for Nuclear Research under 
Prof. Soltan was set up at the Polish 
Academy of Sciences; it is now the 
main center of Poland’s work in the 
field. It is responsible for large- 
scale research on reactor physics and 
technology, large-scale isotope pro- 
duction, nuclear instrument — 
research on biological effect of radia- 
tion, and some medical work. The 
Institute is composed of two main 
centers: the two nuclear research 
centers of Warsaw and Cracow. 

Warsaw. The Central Polish 
Nuclear Research Establishment at 
Warsaw is the successor to research 
efforts of two laboratories in the 
capital: the first under Prof. Soltan, 
the second under Prof. Buras. It 
has just completed a 4-Mev Van 
de Graaff, the first postwar all-Polish 
built accelerator. A new home for 
this “little Brookhaven” is being 
built at Swierk near Warsaw, where 
construction started in April 1956 
and the first labs are to be com- 
pleted this year. Here is being 
erected the Soviet-furnished research 


reactor. This will be a light-water 


moderated and -cooled, well-type 
thermal unit operating at a power 
level of 2-Mw on 10% enriched 
uranium fuel, to provide an average 
thermal neutron Bux of 10°—essen- 
tially the same reactor Russia is 
building for a number of East 
European countries (see sketch, 
NU, April 56, 19). It will be used 
for experimental work in nuclear 
physics, chemistry and _ biology. 
Construction is well advanced, and 
target date for start of operation 
is September 1957. 

At Swierk also, a group under 
Juliusz Keller has begun construc- 
tion of a 10-Mevy linear accelerator, 
for completion in 1958. This ma- 
chine, which will operate indepen- 
dently at first, ma ter be hitched 
to a larger accelerator now con 
templated. 

Cracow. The Cracow Nuclear 
Research Establishment, headed by 
Henryk Niewodniczanski, specializes 
in nuclear physics exclusively. It 
is the successor to the Cracow 
Nuclear Physics Laboratory of the 
Academy of Sciences’ Physics In 
stitute. The Establishment has 
been working particularly in the 
field of photonuclear reactions, and 
has equipped itself with a large 
installation for magnetic nuclear 
resonance, a large spectrometer 
based on scintillation counters, and 
an 800-kev Van de Graaff com 
pleted last June, and a 3.5-Mev 
cyclotron designed and completed 
last December by a Polish team. 

Like its sister establishment at 
Warsaw, the center is getting a new 
home, at Bronovice near Cracow. 
Construction began late in 1955 on 
the buildings, including engineering, 
electrotechnical and radiation labs, 
and completion is scheduled by 
vear's aa Here is being installed 
the 12.5-Mev cyclotron from Russia, 
parts for which are now bein 
delivered, and which is schedul 
to start operating late this year. 


Fuel Resources 

Some uranium and thorium have 
been found in Polish phosphate and 
granite deposits, and exploitation is 
now beginning. However, Minister 
Billig announced last December 
that “Poland lacks the necessary 
knowledge and funds to process 
uranium ore successfully and there 
fore has agreed to sell to the Soviet 
Union all Polish uranium o 
mined.” Prices to be paid by tl 
USSR for ore or concentrates will 
be higher than prevailing world 
market rates, he said. (At the same 
time, he disclosed that “negotiations 
are under way in Moscow aimed at 
a drastic reduction of prices charged 
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by the USSR for the equipment 
being installed at present in the 
nuclear centers of Warsaw and 
Cracow”—the research reactor and 
the big cyclotron.) 

Domestic production of metallic 
uranium is thus quite a few years 
away, and any early nuclear power 
program would require importation 


of the fuel. 


Power: To Be or Not To Be 

This is the question that has been 
under discussion for the past year 
by scientists, economists and powe! 
engineers among others 
lem is not an acute one—vet 
thanks to Poland's huge deposits ot 
both hard and brown coal On 
the other hand, foreign demand for 
Polish coal might make it beneficial 
to produce a certain amount of 
power and heat from nuclear fuels 
thus releasing large quantities of 
coal for export 
tions taking into account the favor 
able price of export coal—nuclear 
power might already be economic 

Looking ahead two decades, how 
ever, nue lear 
must. Poland, which produced 9 
billion kwh in 1950 and 18-billion in 
1955, is expected to need 30-billion 
in 1960—but 140-billion by 1975 


That rate of consumption can no 


7 he prob 


Under these condi 


power becomes a 


longer be satisfied using coal alone 

In spring 1956, a team of physi 
cists and power engineers was set 
up at the Nuclear Research In 
stitute to study plans for a possibk 
atomic station; in May a conference 
on the subject was held, but no 
positive 
from it. “The plan for construc 
tion of a nuclear power plant has 
been discussed,” said Minister Billig 
in an interview, “but Poland is with 
holding final decision until after 
1960, since cadres are lacking, in 
dustry is unprepared, and no clea: 
decision on the best plant type can 


recomin idation issued 


be formed at this early time 
Other reasons may have been 
capital 
slants is still considerably less than 
= nuclear; and a Polish nuclear sta 
tion could be started now for 1960 
completion only if Russian help 
were available—and the Soviet 
having made promise of power 
plants to Czechoslovakia, East Ger 
many, Hungary and China, and 
with a heavy program of its own 
mav not be in a position to offer 
further assistance 

At any rate, published directives 
for the 1956-60 five-year plan call 


on the country’s scientists only “to 


26 


investment for coal-fired 


carry out research into methods of 
gaining electric power by means of 
nuclear reactors” and “to master the 
technology and prepare the pro 
duction of metallic uranium of 
chemical materials required for this.” 


and Propulsion 

The same directives, however, call 
for research on “application of 
atomic energy to ship propulsion.” 
Poland is the largest shipbuilder of 
the Soviet bloc next to the USSR 
itself; by 1960 it will be launching 
200,000 tons/yr. Biggest ships 
built so far are 10,000-ton motor 
freighters for Far Eastern service 
but a series of 18,000-ton tankers 
is planned. So Poland appears to 
he the likely country to specialize 


Poznan 


WARSAW 
* 


Wroclaw 


(Bresiou 


\ 


Cracow 


in nuclear wr for merchant 


ships—which in the Soviet is al 
ready held to be more economi« 
than COL entional power. T he 
Nuclear Research Institute jointly 
with the Maritime Institute and the 
Central Bureau of Ship Construc 
tion are already studying the eco 
nomics of the matter. 


Training 

Most important problem facing 
the Polish nuclear effort is that of 
training scientific and technical per 
sonnel although there are 400 
scientists and technicians working at 
the Nuclear Research Institute, the 
demand for more trained personne! 
is unslaked—and a comprehensive 
plan is being worked out to train 
undergraduates in nuclear engineer 
ing. This is to be done at the 
universities and institutes of tech 
nology: the two research establish 
ments will limit themselves to spon 
soring short courses in radioisotope 
utilization and will otherwise not 
serve as_ training institutions 
Nuclear physics will be taught at 


the Universities of Warsaw and 
Cracow, nuclear chemistry at the 
former, and nuclear power engineer- 
ing at the Institutes of Technology 
of Warsaw and Wroclaw. 

Some Polish scientists and tech- 
nicians are receiving training at 
Soviet nuclear establishments, in re 
actor operation as well as theory 
and design. Poland is a member of 
the Joint Nuclear Research Institute 
at Dubna near Moscow (NU, Nov. 
‘56, R1l)—in fact Jan Danysz is 
one of the deputy directors—and 
this gives the country access to some 
of the largest, most advanced re- 
search equipment. There are also 
plans to send Polish nuclear scien- 
tists to the U. S., England and 
France for training, and to invite 
British, French, Soviet and U. S 
scientists to Poland. In addition to 
Nukleonika, three other scientific 
journals in physics and nuclear sci 
ence are published; two of them 
have editions in Western languages 


(Based on an article written 
especially for NUCLEONICS by 
Prof. Buras, a high ranking scientist 
in the Polish atomic energy program, 
this report incorporates also ma- 
terial from numerous other sources. ) 


Norway Gets Bilateral, 
Unclassified, for Power 


First agreement for cooperation 
to be completed this year, a power 
bilateral with Norway, has just ful 
filled the required 30-day period be- 
fore the Joint Committee on Atomic 
Energy. It is the first of the new 
power agreements that provide for 
transfer of 500 kg U™ to fuel a 
power reactor but require no trans- 
fer of classified information; under 
declassification guide, 
power reactors can now be de- 
signed and built using only un- 
classified data. The U™ may be 
contained at enrichments up to 20% 
except for 6 kg that may be con- 
tained at 90% for use in a materials 
testing reactor. First use of en- 
riched U imported from the U. S. 
will be in the Halden process-steam 
reactor. This, the second JENER 
reactor (NU, March ’57, R10), will 
be ready for test operation this year. 
The 20-Mw (heat) unit will furnish 
20% of the steam requirements of 
the Saugsbrugsforeningen wood 
processing mill, running between 
80 and 100 tons/hr. Heavy water 
producer Norsk Hydro will donate 
half the 14-ton inventory of D:O 
moderator. For safety’s sake, the 
reactor is located 150 ft inside 
H¢kefjell mountain, with a 180-ft 
ceiling of solid rock. 
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the new 





World News 


New Power Plan in Japan 





Japan’s nine regional utilities have adopted a new 
nuclear power plan calling for 960-Mw capacity by 1965 
and 9,910-Mw by 1975; they believe the project can be 
put on a paying basis by fiscal ’61 or 62. By this time, 
it’s said, cost of nuclear fuel would be down to 4 
yen/kwh (10.4 mills), construction costs down to 23 
yen/kwh (6¢), and both subject to further reductions. 
The Japan Atomic Energy Research Institute is already 
drawing up plans for establishment of a chemical 
reprocessing and waste disposal plant; construction of a 
first-stage one will begin in fiscal ’58, at the nuclear 
research complex at Tokai north of Tokyo where the 
first research reactor built by Atomics International is 
nearing completion. 


Nuclear Power for Ulster 





Britain's new, expanded atomic power program includes 
provision for a 150-Mw Calder-type station for Northern 
Ireland, to come on the line in 1963 or 1964. To cost 
$70-million, the station will provide Ulster with 14th 
its total generating capacity. Unlike the nuclear stations 
in England and Scotland, this one will be inland rather 
than on the coast; a number of sites are under survey. 


Soviet Still Only Talking Egyptian Aid 





Egypt's official news agency announced four Soviet 
nuclear physicists would be in Cairo “within the next 
few weeks” to study requirements of Egypt’s long- 
planned nuclear research center, and the government 
daily Al-Gumhouriya said Egypt’s AEC expected arrival 
in the next few days of the first “batch of atomic equip 
ment” it had ordered in the U.S.S.R. last year. A year 
ago the Russians announced they were offering Egypt a 
complete nuclear physics lab and technicians to help 
set it up (NU, May 56, 23); ever since, this has been 
a constant Soviet propaganda theme in the area, but 
until now there has been no sign of materialization of 
the offer 


Acceleration in Italy 





Italian nuclear activity was in high gear last month: 

* Sorin, the subsidiary set up last summer by Fiat and 
Montecatini for industrial culehation of atomic energy 
(NU, Sept. '56, R6), has selected sites for a research 
and isotope production center where it will install a 
high-power pool reactor, and for a 100-150-Mw nuclear 
power station between Milan and Turin, perhaps at 
Chivasso. These are of course in addition to the first 
research reactor, a CP-5 ACF is building for the Na- 
tional Committee for Nuclear Research at Ispra, and the 
first power reactor, a 134-Mw Yankee-type Westinghouse 
will supply for Edisonvolta, the Milan utility. 

* Two other groups are planning power stations, both 
in South Italy: Societa Elettronucleare Italiana, a syn 
dicate of utilities; and a government-financed group spon 
sored by the two State corporations E.N.I. and LR.I. 

* The Sicilian Regional Assembly is pushing plans 
for establishment of a nuclear physics center there. 

* Radioactive ores have been found near Cuneo south 
of Turin, and Fiat has applied for prospecting rights. 

*A Westinghouse official in Rome declared the 
Edisonvolta plant would produce power at significantly 
lower cost than PWR’s announced 52-mill figure; he said 
loading would be 28,800 kg of U enriched to 3.7%. 


Vol. 15, No. 4- April, 1957 


* CAAI—Centro Aeronautico & Atomico Italiano—has 
been founded as a private, nonprofit firm to promote 
progress in both aircraft and nuclear energy fields; in 
the latter category, it will seek to aid Italian nuclear 
physics mel construction of power and propulsion 
reactors, and isotope application. 


Canada May Export U to Germany 
West Germany is negotiating with Canada for importa- 


tion of 100 tons/yr raw U ore, and is offering in ex- 
change to build a U-melting plant in Canada. 





Another Big U Operation in Australia 
South Australia’s government is conducting negotiations 


with an unnamed foreign firm to operate a major open- 
cut U-mine at Crockers Well, north of Radium Hill, 
South Australia. Both high- and low-grade ores will be 
mined; a concentration plant will be built at Crockers 
Well and a mill at Port Pirie. 





UNESCO Isotope Parley Set for September 


An international conference on radioisotopes in scientific 
research will be sponsored by UNESCO Sept. 16-27 
in Paris, as part be plan to ease the workload of the 
second Geneva conference on peaceful uses of atomic 
energy in 1958 and permit it to concentrate on nuclear 
power. The Paris meeting will cover uses of radioiso 
—— in the physical and biological sciences, new de 
velopments in measuring techniques and isotope pro 
duction; it’s aimed at providing a broad exchange of 
information; 1,000 are expected to attend. Other con- 
ferences may be scheduled early in 1958 on radiation 
chemistry, genetics and medical applications 





Uranium Found in Central Asia 


Dmitri Scherbakov of the Soviet Academy of Sciences 
reports discovery of uranium in Kazakhstan and other 
areas of Soviet central Asia. 





Post-Revolt Delays in Hungary 





The Kddér régime claims that uranium mining at Pécs 
and Battonya, halted since Oct. 25, will be resumed this 
summer after conclusion of current Soviet-Hungarian 
negotiations and “after surface damages are cleared up.” 
Plans to commission the Soviet-supplied 2-Mw research 
reactor this year are now not exepcted to be fulfilled; 
head physicist Géza Sz4mosi and a number of scientists, 
engineers and technicians have left the country. Con 
struction is continuing at slower pace. A 100-Mw 
ower reactor project has been started, with the aim of 
Contantnn construction in 1959 or 1960 for completion 
in four years, 


Belgian Atomic Syndicate Reorganizes 


S.E.E.N.—Syndicate d'Etudes de lEnergie Nucléaire, 
the syndicate of 20 big private Belgian industrial com- 
panies that has been taking the lead in working toward 
nuclear power in Belgium—is phasing itself out of exist- 
ence. A new operating combine, Société Belgonucléaire, 
has been rls SEEN members and eight additional 
firms; SEEN will be closed out within three years when 
it has spent its funds. President Herman Robiliart and 
managing director Jean Van der Spek of SEEN retain 
the same posts in Belgonucléaire. Functions of the new 
company will be: conception, design and construction 
of reactors; fabrication of fuel elements; chemical reproc- 
essing and application of radioisotopes. Initial capi 
talization is $200,000 
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News in Brief 


Price Sets Price on 95% Enriched U 

When AEC published a price list on enriched uranium 
(table, NU, Dec. '56, R2), it gave figures on progressive 
stages of enrichment up to 90% Last month Harold 
Price, AEC director of Civilian Application announced 
the cost of a kg of U™ contained at 95% enrichment: 
$16,258, higher by $897 than a kg of U™ contained at 
90%. Prices are for U in the form of UFs. Price also 
announced that any enriched U distributed in the civilian 
program is unclassified: previous classification of ma- 
terial containing in excess of 90% U™ is no longer in 
effect. 


Big Program for Clemson 

Clemson (S. C.) College is embarking on educational 
and research programs in nuclear science that will cost 
$8.5-million. This amount will include purchase of a 
large research reactor and a building to house it, an 
isotope laboratory, research and instructional labs and 
teaching and research equipment. The facility will be 
designed to meet industrial needs in South Carolina 
as well as to train nuclear engineers 


Enter the Nuclear Weaponsman 

The Navy plans to establish a new rating: Nuclear 
Weaponsman. After enlistment as “Nuclear Field Sea- 
man Recruits,” specialists in the new field will get train- 
ing in nuclear power plants as well as A- and H-bombs, 
nuclear mines and nuclear warheaded guided missiles. 


Zirconium for Columbia-Southern Chemical 
Columbia-Southern Chemical Corp., itself a wholly- 
owned subsidiary of Pittsburgh Plate Glass Co., has be- 
come an equal stockholder with National Research 
Corp. in NRC Metals Corp., until now a wholly-owned 
subsidiary of National Research. The two firms will 
employ NRC Metals “as a vehicle for their activities 
relating to the manufacture and sale of Zr and Hf metals 
and chemicals.” NRC Metals, which has an AEC con- 
tract to supply 3.5-million Ib Zr and Hf, is now building 
near Pensacola the first fully-integrated facility to pro- 
duce high-purity Zr and Hf sponge from Florida zircon 
sand. Columbia-Southern has specialized in production 
of chlorine and alkalies 


Kaman Organizes Division 

Kaman Aircraft Corp. of Bloomfield, Conn., is forming 
a nuclear division to be located in Albuquerque, N. M., 
for systems analysis and research in nuclear ordnance 
and propulsion. Heading it as vice president and gen- 
eral manager is Kenneth W. Erickson, former chief of 
experimental weapons research at Sandia Corp. 


Thermal Diffusion for Zr? 

Tennessee U. has been given a $25,000 contract by 
Union Carbide Nuclear Co. of Oak Ridge to study and 
test the feasibility of using thermal diffusion process to 
extract zirconium. The process is based on the principle 
that circulating a liquid between hot and cdl walls 
will tend to pull apart hard-to-separate products within 
the liquid; it has od used in industry in work with 
solvents, dyes and pharmaceuticals but heretofore only 
to separate non-metallic substances Key component 
of the proposed Zr process is a new horizontal thermal 
diffusion column, conceived originally as a tool for 


separating organics; standard thermal diffusion equip- 


ment is vertical. Tennessee U. engineers wil] first try 
the new column to separate common salts, then salt 
mixtures obtained from metallic ores. The one-year 
contract covers only the first phase. 


More Space for B&W 

Babcock & Wilcox is expanding its research center at 
Alliance, Ohio, with building of a 15,700 ft’ edifice 
east of the present office building for growing nuclear 
engineering research activities, and addition of a two- 
bay, 1,120 ft’ structure to an existing building, to house 
product development personnel. Ground is to be broken 


this month. 


Rochester Physics Conference Growing 

What is described as the largest international gathering 
of nuclear physicists ever held will meet April 15-19 
for the seventh annual Rochester Conference on High 
Energy Physics at Rochester (N. Y.) U. Attendance is 
by invitation only; 300 are expected, 85 of them from 
25 foreign countries including Russia. 


Nuclear Research Center for Socony Mobil 

The 315-acre Stony Brook Farm, Hopewell township, 
near Princeton, N. J., has been bought by Socony Mobil 
Oil Co. for construction of a nuclear research center to 
study application of radiation to petroleum technology. 
It will be operated as a subdivision of Socony Mobil Re- 
search & Development Lab at Paulsboro, N. J. 


Kaiser Moving Ahead on FIR 

Kaiser Engineers has signed a $125,000 contract with 
AEC to do research on the physical and corrosion prop- 
erties of indium sulfate ale to in-pile loop tests on 
this little-known substance which will ~ the irradiation 


medium in the Food Irradiation Reactor (NU, Jan. '57, 
R3). The tests are to be completed by end of July; 


indications are that as soon as feasibility of using indium 
sulfate is established, Kaiser will be awarded the FIR 
design and construction contract 


WBNS Power Increased 

Atomics International has moved its Water Boiler 
Neutron Source, working at Downey since 1952, to 
Santa Susana and — its power from 5 to 2,000 
watts. 


Squibb Enters Isotope Production 

E. R. Squibb & Sons has built a $200,000 plant at New 
Brunswick, N. J., designed specifically for production of 
radioactive gold, phosphorus, and iodine for medical 
diagnosis and therapy. Production is expected to start 
this spring. 


Allied Chemical Selects Site 

Six hundred acres at Metropolis, Ill., on the Ohio river, 
will be the site of a multimillion uranium hexafluoride 
plant Allied Chemical & Dye Corp. is building (NU, 
Dec. '56, R2). This will be the first privately-owned 
plant producing “hex” for AEC 


Sylvania-Corning Now Official 

Formal establishment of Sylvania~-Corning Nuclear Co 
was accomplished last month by Sylvania Electric 
Products and Corning Glass Works (NU, Dec. 56, R6; 
March °57, 112). The new firm will maintain head- 
quarters in Bayside, L. I., at the present site of Sylvania’s 
atomic energy division 

Yukawa Resigns from Japanese AEC 

Japan’s Nobel Prize-winning physicist, Hideki Yukawa, 
resigned from his country’s AEC last month on the 
He had sought to resign last summer 
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can BEST be analyzed 
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And additionally- 


We invite your inquiries concerning the RCL improved version of the 
exceedingly successful Argonne National Laboratory 1024 channel 
Neutron Time of Flight Analyzer.” 


Specifications: 

1. Half microsecond channel width mini- 5. Recording potentiometer and decimal 
mum; 0.75, 1, 1.5, 2, 32 micro printer readout. Other forms of read 
second widths, switch selected out possible 

. Dead time: 16 microseconds 

. 65,535 counts / channel 

. 1024 channels in ck, start of 
block positioned in i ents of 256 
channels from zero t 6 W micro- 


6. Linear cathode ray tube curve display 


7. Memory separable into two parts for 
recording simultaneously related but 
separate events 


seconds, where “W is the selected *Schumann, 8.W. Review of Scientific instruments 
channel width pp 9, 27, September, 1956 
AVAILABLE approximately October, 1957 
Get your order in NOW 
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Radiation Counter Laboratories, Inc., Dept 
Nucleonic Park, Skokie, Ilinois 


Radiation eit 


Please send me additional information about the 
RCL improved 1024 channel! Neutron Time of Flight Analyze 


{ ft RCL 256 channel Analyzer, 
oun er RCL 1024 channel two Dimensiona oincidence Analy 


Nome 


Laboratories, Inc, | 1 


Firm 


Address 


NUCLEONIC PARK, SKOKIE, ILLINOIS City, State 
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=~! TIONAL GRAPHITE 


TRADE MARK 


for atomic energy applications 


For dependability, economy and safety, the use 
of “National” graphite in reactors has been 
thoroughly proven and accepted. “National” high 
purity graphite was specified for the first reactors 
built because of excellent moderating properties 
and low neutron capture cross section. Its addi- 
tional properties assure an ever widening range 
of applications in the nuclear industry. 


ra \arione* 


¢ 3 


: 
; 
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Thoroughly job-prover. 


MODERATOR 
REFLECTOR 

SHIELDING 

THERMAL COLUMN 
MOLDS AND CRUCIBLES 


Most important of these is graphite’s ability to 
withstand the increasingly higher reactor tem- 
peratures. Also, it is safe to handle . . . is easily 
machined and fabricated . . . possesses outstanding 
corrosion resistance and embodies the high purity 
demanded by many atomic energy applications. 

A product of the largest and most experi- 
enced producer of fabricated carbon and graphite, 
“National” graphite is readily available in many 
different grades, shapes and dimensions for spe- 
cific atomic energy requirements. 

© o - 
These important technical publications are yours for the 
asking. Just write on your company letterhead for your 
copy of “The Production and Properties of Graphite 
for Reactors” and for Catalog Section S-4905, “National 
Graphite for Atomic Energy Applications.” 


The term “National” is a registered trade-mark of Union Carbide and Carbon Corporation 
NATIONAL CARBON COMPANY + A Division of Union Carbide and Carbon Corporation + 30 East 42nd Street,New York 17, N.Y. 
Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. /» Canada: Union Carbide Canada Limited, Toroato 
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To industries 
interested in 


GAMMA RADIATION 


for Chemical Processing « Sterilization 
Polymerization and cross-linking 
Vulcanization » Cracking and other 
effects of radiation on materials 


radioactive Cobalt 60 in kilocurie quantities 
a self-contained gamma irradiation unit 


a gamma irradiation service 


a design and consulting service and 
custom-built equipment 


FOR MORE INFORMATION WRITE TO 


ATOMIC ENERGY OF CANADA LIMITED 


COMMERCIAL PRODUCTS DIVISION 


P.O. Box 93 Ottawa, Canada 
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NEW ZALLEA HyPTor TOROIDAL EXPANSION JOINT 


For unequalled endurance at pressure and temperature extremes 


HyPTor corrugations hove a circular 
or toroidal cross section which pro 
vides a lower operating stress at any 
given pressure than any other 


corrugation shape 








This unique toroidal expansion joint with 
thin-walled bellows is setting new per- 
formance and durability records in high 
pressure, high temperature service. It was 
developed to meet the severest operating 


conditions without sacrificing long life. 


Minimum stress at high pressures is one 
advantage of the Zallea HyPTor. This is 
due to the thin-walled bellows and toroidal 
corrugations. Thin walls develop lowest flex- 
ing stress. The toroidal cross section assures 
lower operating stress at any pressure. 


Superior performance at high temperatures. 
The toroidal corrugation of the HyPTor 
makes it suitable for use at high tempera- 
tures. Also, the HyPTor is hydraulically 
formed and free from circumferential 
welds which would act as stress raisers. 


Longer life on the job. The ability of the 
HyPTor to absorb punishment without 
ill effects has been proved in service. A 
number of HyPTor Expansion Joints de- 
signed for 700 psi working pressure, were 
installed in liquid oxygen service in 1948. 
They are still operating ...at pressures 
up to 2300 psi. 


Get the complete story of the new Zallea 
HyPTor Expansion Joints. Our new 72- 


page Expansion Joint Manual gives full 


detailsa—plus worthwhile information on 
basic types, design and installation data, 
expansion joint selection and recom- 
mended specifications. Write on your 
Company letterhead, for your free copy 
of Catalog 56, Zallea Brothers, 879 Locust 
Street, Wilmington 99, Delaware. 


*Patented 


expansion joints 
Zallea Brothers, Wilmington 99, Delaware 


World's largest manufatturer of expansion joints. 





Norton ceramic fuel elements 


Separate facility now producing ceramic fuel elements 
and various reactor components 


To meet the demand for more- 
economical, more-efficient reactor fuels, 
the trend is towards ceramic types be- 
cause of their greater resistance to cor- 
rosion and radiation, the ease with which 
they can be reprocessed, and their ability 
to operate at higher temperatures. 
Norton Company’s long experience in 
the development of high-purity ceramics 
has now led to the commercial produc- 
tion of ceramic fuel elements. 


Take Advantage of Norton Assistance 
in bringing special nuclear materials into 
successful use in the development of 
nuclear power plants. In addition to the 
development and production of ceramic 
reactor components, Norton experience 
includes highly 
for n le, metallurgy, chemical, and 


furnace applications. These top-perform- 


specialized refractories 
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ing Norton refractory R’s enginecred 
and prescribed for thre widest range of uses 

are of increasing interest to nuclear 
engineers. They include alumina, silicon 
carbide, thoria, urania, zirconia, mag- 
nesia, dolomite, and numerous borides, 
carbides and nitrides that have bene- 
fited nuclear as well as general industrial 
developments. 

A special Norton Research and De- 
velopment section, devoted to the devel- 
opment of pre ston Ccramics and familiar 
with both nuclear and refractories devel- 
opment, co-operates whenever possible 
with industrial, government and academic 
research activities. Your progress may be 
speeded up by utilizing Norton co- 
operation and products, For further in- 
formation write to Norton Company, 
Refractories Division, 653 New Bond 
Street, Worcester 6, Massachusetts. 











BNORTONF 


REFRACTORIES 
Engineered... R .»» Prescribed 


Gilaking better products ++ + 
to make your products better 








NORTON PRODUCTS, Abrasives « Grinding Wheels 
Grinding Mochines + Refractories 
BEHR-MANNING PRODUCTS: Cooted Abrasives 
Sharpening Stones + Bebv-cot Tapes 











On this subject: 
EXCHANGERS FOR NUCLEAR SYSTEMS 


Ross speaks with experience 


if 


The initiative which Ross has taken in virtually every field of heat exchanger development 


applies to the nuclear energy field, as well. Ross engineers were early at work 


Starting with exchangers designed and fabricated for the Manhattan Project, and 
carrying on down right through to today, Ross has been steadily building its reputation in 


nucleonics’ circles 


The readiness of Ross to perform engineering development; the possession of the 
necessary skills to work with specialized materials; the ability accumulated through experience 


to meet stringent specifications ... these and others are points which Ross engineers would 


be pleased to discuss with you. Yes, Ross can speak with experience. Your inquiries are invited. 


Ross Heat Exchanger Division of American-Standard, Buffalo 5, N. Y. 
In Canada: American-Standard Products (Canada) Limited, Toronto 5, Ont. 


Division of American - Standard 
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you can 


the difference 
un the 


CRL system ye 
Za 


and at costs no more! 


Now, with the many accessories offered, the Central Research Manip- 
ulator lets you perform an even greater variety of intricate opera- 
tions. All of these accessories are remotely interchangeable . . . each 
is the product of precision craftsmanship and exacting control of 
tolerances. The manipulator itself has that inherent “‘sense of feel’’ 
which is the result of continuous design improvement and rigid 
quality control throughout every phase of manufacture. Field main- 
tenance is simplified by standardization and interchangeability of 
parts, yet each manipulator is “‘custom built’ by skilled craftsmen 
with years of experience. Because of this individual attention the 
CRL Manipulator is easily adapted to your particular needs. 

If you use—or plan to use—hazardous materials that require 
intricate handling, CRL Manipulators will speed up your production 
or research program. We will also be glad to advise you on the layout 
of hot cells and other research areas, to help you gain maximum 
benefit from your CRL Manipulator. 
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central research manipulators 
Jrom basic Argonne National Laboratory design 


wrile today for complete information lo: 


Conti Kesh, 


laboratories, inc. 
Red Wing, Minnesota 


Dept.101 
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Which is the key 
to economical nuclear power? 


Iw any reactor, economi il power pro 
duction depends a great deal upon the 
design, composition and construction 
of the fuel element itself. Shape, siz 

mechanical structure and degree of en 
richment all play a part in the extra 

tion of maximum energy with minimum 
fuel cost. 

Sylvania was a pioneer in the de 
velopment of efficient reactor fuel 
elements and practical reprocessing 
techniques. During more than eight 
years of successful experience in solv 
ing advanced technical problems in 
atomic energy, Sylvania has built up a 





unique and highly specialized research 
organization, Staffed with top-ranking 
cientists and engineers working in 
Sylvania 


carries on a constant program of re 


well equipped laboratories 


ictor fuel research in four basic fields 
materials deve lopm« nt, fabrication de 
velopment, test methods development 
and prototype model pr duction. 
Particular stress is laid upon the de 
velopment of test methods—both in and 
out of reactor. For only by means of 
satisfactory test methods can new de 
signs and materials be evaluated. To 


this end, Sylvania has perfected a num 


ber of unique meée thods of reliable 
projective evaluation. 

If you are wondering which type of 
element will prove most effective in 
your own reactor, we will be glad to 

utke recommendations on the basis of 
our long and specialized experience in 
nuclear fuels. Write for a booklet on 
Sylvania Nuclear Fuel Elements, 


SYLVANIA ELECTRIC PRODUCTS INC, 
Atomic Energy D jayside, New York 
In mada: Syly a Ele ic (Cenada) Ltd., 
Shell (, Montreal 
Sylvania International Corporation 


22 Bahnhofstrasse, Coire, Switzerland 


SYLVANIA ¥ 


LIGHTING 
36 


ATOMIC ENERGY DIVISION 


ELECTRONICS 


TELEVISION . 
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the present 


and 


YOUR FUTURE IN ATOMIC POWER 


The USS Nautiius prototype was the first successful 
application of nuclear power. In 1957 the nation’s first 
full-scale commercial generating plant at Shipping 
port will have its turbines powered by a Westinghouse 
reactor. Although the success of the nuclear reactor 
is a historical milestone, the application of nuclear 
power is still in the pioneering stages. 

Much applied research remains to be done before 
the potentialities of nuclear energy can be utilized to 
the fullest extent. Opportunities for original work in a 
variety of fields present a creative environment for 
your professional growth. 

At Bettis Plant, operated by Westinghouse for the 
Atomic Energy Commission, more nuclear power re 


actors are being designed and developed. Here scien 
tists and engineers are continuing to investigate new 
areas for progress in all phases of reactor theory, de 
sign, and application, 

If you are a physicist, mathematician, metallurgist, 
or a mechanical, chemical, or electrical engineer, in 
terested in the challenging opportunities offered by 
the leader in the nuclear power industry, write for a 
descriptive brochure on the oppor 
tunities in your field. Be sure to | 
specify your interests. Address: Mr f 
M. J. Downey, Westinghouse Bettis 
Plant, Dept. A-140, P. O. Box 1468, 
Pittsburgh 30, Pennsylvania. 


Tomeorra. 's 


Ofppartunety 


BETTIS ATOMIC POWER DIVISION 





f 
J s| 
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He “quarterbacked” L&N know-how into 
a finished control system for ETR 


This project engineer coordinated the recently 
completed L&N control system for the 175,000-kw 
(heat) Engineering Test Reactor (ETR). His 
function typifies the whole L&N concept of reactor 
control standardized components economically 
“packaged” by men experienced in both steam 
power and nuclear control 

Applied to the pressurized water-type ETR 
(built for the A.E.C. by Kaiser Engineers), this 
L&N control concept resulted in a skillfully inte 
grated system — one that includes all of the reac 
tor’s operating and safety channels. A network of 
Speedomax® monitron recorders was also supplied, 
to guard constantly against radiation hazards 

In directing work on this system the project en 
gineer drew on a 14-year personal working associa 


tion with steam power instrumentation. He’d be- 
gun building his nuclear background long before 
his assignment as project engineer for the L&N 
control systems developed for the Penn State and 
University of Michigan Reactors. 

This project engineer, and others like him, serve 


as coordinators on every reactor control system 


produced by L&N. You can direct their experience 
to your own nuciear control problems merely by 
contacting us through your L&N office 


Write for our brochure “Control 
Systems for Nuclear Reactors 
Leeds & Northrup Co., 4936 Sten 


ton Ave., Phila. 44, Pa 


li 


LEEDS b NORTHRUP 


Instruments Automatic Controls « Furnaces 
dri Ad ND46.03(2) 
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/he metal of tomorrow... TODAY 


fctual photograph of 
srioninm ponge prior lo 


meliling proces 


PROVEN METHODS —in production now. CARBORUNDUM METALS hafnium 
separation, metal reduction and high temperature vacuum distillation processes assure 
zirconium sponge metal to meet the most exacting requirements These methods 

are the result of many years of research and development 


PROVEN QUALITY Soft, ductile, low-chloride zirconium sponge has already been 
delivered in quantity, meeting rigorous spectographic analysis requirements. Precise 
quality control is exercised over every pound of metal in every step of the process, from 
the zircon sand to the final product 


PROVEN PERFORMANCE © As the leading producer of reactor grade sponge for 
the A.E.C., CARBORUNDUM METALS has produc ed hundreds of thousands of pounds of 
on-specification sponge — not only meeting production schedules, but exceeding them 
COMMERCIAL GRADE CARBORUNDUM METALS ts now rapidly expanding its proven production facilities to 
provide more reactor and commercial eal metal for both existing and potential users. 


For further information, contact 


THE CA . js 
CARBORUNDUM METALS COMPANY THOT EEE TPEPPTa idl tae) TTT 


Division of THE CARBORUNDUM COMPANY 


Ask to be placed on the mailing list of “More Zr Facts’, the Zirconium Industry's first continuing source of technical informotion 
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New Ray Stoppers 


NATIONAL LEAD REPORTS RECENT DEVELOPMENTS IN LEAD SHIELDING 








NEW ISOTOPE LOADING 
CART FOR HOSPITAL USE 


This new Therapeutic Isotope and 
Radium Loading Cart is designed to 
provide maximum protection for 
hospital attendants who transport 
or load radioactive isotopes 

The cart comes equipped with an 
“T-shaped shield, 16” x 16” x 10”, 
that gives a solid 2 inches of lead 
protection, 


Variations in side shielding are pos 
sible through solid wall shielding o1 
through removable lead bricks, The 


New Specially Designed 
Storage Vault 
combines portability 
with high 

shielding efficiency 


A new portable Isotope Storage 
Vault has been developed that sim 
plifies in-plant handling of radio 
active materials. The unit features 
lead-in-stainless steel shielding and 
a stepped closure design that pre 
vents beaming. Lead protection is 4 
in all directions, around a hot cay 
ity % 
screws and side bars are all heavy 


"x 4%". Handle studs, locking 


steel, Heavy-duty, swivel-type cast 
ers make the vault easy to roll, easy 
to maneuver in tight areas, The 
vault is also easy to decontaminate. 


unit can also be adapted for remote 


controlled finger rods 


The table has an 18” x 24” gauge 
stainless steel top standing 26” from 
the floor. It is furnished with 5” dia 
x 144” tread conductive-type swivel 
casters complete with locking de 
vices. A 15” x 16” framed plate glass 
viewing mirror mounted on one side 
completes the unit. Loading is per 
formed manually while viewing into 
the mirror 


NEW PORTABLE STORAGE CASK 
HAS NOVEL LID-LIFTING DEVICE 


This small spe- 

cially designed 

Isotope Stor- 

age Cask (about 

500 Ibs., 10%4” 

x 13144") pro 

videsall-around 

3” lead protec- 

tion, encased in 

stainless steel 

Hot cavity is 4” 

dia, x 6” deep. 

Not only is this 

cask easy to 

move around 

the laboratory but raising and 
lowering the heavy cover is no 
problem at all, The rolling platform 
carries two uprights across which 
is a winch-like device. At the turn 
of the handle, steel cables attached 
to the cask lid raise or lower it. A 
ratchet arrangement holds the lid 
securely at any desired height 








PROTECTION AND PORTABILITY TEAM-UP 


IN THESE NEW LEAD-SHIELDING UNITS 


More and more, hot labs and hospi- 
tals look to National Lead for shield- 
ing-with-extras. Theunits illustrated 
here are good examples of special 


jobs recently completed. 


The lead shield itself provides the 
radiation absorption for which it 
was designed. The method of fabri 
cation casting, rolling or extru- 
sion— insures maximum soundness 
and density. Stainless cladding is 
used according to customers’ speci- 
fications. Where called for or indi- 
cated, the lead is bonded to the steel, 
using methods developed by Na- 
tional Lead in building lead-lined 
equipment for leading chemical 


processors 


The units shown here are, of course, 
custom made. We emphasize, how- 
ever, our facilities for producing 
standard lead-shielded casks, vaults 
and shipping containers and we 


invite your inquiries. 


NATIONA L LEA D SH I ELDING, NATIONAL LEAD COMPANY, General offices: 111 Broadway, New York 6 
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“Today marks an event of historic significance 


in man’s development of the atom for 
peaceful purposes. The reactor we are placing 
in operation today is the first of a 
generation of such reactors designed to provide 
electric power for our factories and 

our homes, power upon which the strength 
and future well being of this country 
vitally depends.” 


from Dedication address, Feb. 9, 1957, by 
Rep. Carl T. Durham, Chairman, Joint Congressional 
Committee on Atomic Energy. 


EXPERIMENTAL BOILING 
WATER REACTOR PLANT 


Argonne National Laboratory 
Lemont, Illinois 


TURBINE RATING 
5000 kw — 600 psig — 488° F 


ENGINEERING AUTHORIZED 
August 25, 1954 
FULL POWER GENERATION 
December 29, 1956 
FORMAL DEDICATION 
February 9, 1957 
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--- pioneers in 


nuclear energy since 1936 


At the University of California Radiation Laboratory, 
Berkeley and Livermore, there is an unusual spirit among 
scientists and engineers — a spirit stimulated by association 
with pioneers in nuclear research who encourage development 


of new ideas, techniques, and individual initiative. 


pal its founding in 1936, UCRL — This is the constant and continuing 
\/ has contributed an impressive list spirit of UCRL. It is to be found 
of achievements to the world’s know] in each new and expanded project 
edge of the atomic nucleus — from whether it involves pure or applied 
development of the cyclotron and science. It keynotes work on nuclear 
Bevatron, to electromagnetic separa- weapon design, nuclear propulsion, 
tion of uranium-235, to the discovery controlled thermonuclear energy 
of the antiproton and antineutron, (Project Sherwood), and high current 
These accomplishments have, of accelerators, as well as such problems 
course, stemmed from an outstanding as the application of radioactive sub- 
group of men working with un stances to biology and medicine. 
matched laboratory facilities. But The UCRL “spirit” appeals to a 
just as important—and the key, per- particular kind of scientist and engi- 
haps, to UCRL’s successes—has been neer—to men of ability and imagi- 
the spirit with which these men work. nation, to men who wish to move 
For UCRL is managed and directed forward and challenge the unknown. 
by scientists and engineers—men who If you wish additional information, 
are liberal with their own knowledge write to the Director of Professional 
and enthusiastic in the encourage- Personnel, University of California 
ment of their teammates’ new ideas Radiation Laboratory, Livermore, 


and new techniques. California. 


UNIVERSITY OF CALIFORNIA RADIATION LABORATORY © BERKELEY + LIVERMORE 
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"GENERAL TRANSISTOR CORP. 


91-27 138th Place, Jamaica 35, N. Y. * OLympia 7-9700 
Cable: Transistor New York 








a better detector 
for solid C-14 
samples 


Booths 52-53 

the Federation of 
American Societies for 
Experimental Biology 





FEATURES: 


Low Background 
Rugged, Thin Window 


Manual, Automatic or Chromatographic 
Operation 


Excellent Reproducibility 
¢ Simple, Trouble-Free Operation 


For full details on this outstanding new 
detector for counting solid samples of 
Carbon-14 and other low energy beta emitters, 
request Bulletin No. 84 


> 


Z Z 
1601 Trapelo Road, Waltham 54, Mass. 
] 2030 Wright Avenue, Richmond 3, California 


Offices in principal cities throughout the world 
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PHOTOELECTRONICS’ 


* The conversion of light input to highly 
magnified electrical output in a dependable, 





precise relationship. 
Depend on Du Mont Multiplier Phototubes for 
precise quantitative and qualitative 
Y measurements. Available in a wide selection 
: of sizes and electrical characteristics for 


2” of 
Type 6292 Type 6365 every photoelectronic need. 


oU MONr 


Industrial Tube Soles, ALLEN B. DU MONT LABORATORIES, INC. 2 Main Ave., Passaic, WJ. 
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Eight Crane all-stainless par- 
allel disc gate valves—similar 
to this one, but with butt 
welding ends —will be on main 
coolant lines in new prototype 
atomic power reactor plant. 





AGAIN...Crane leads the way 
in flow control for atomic power 


will be on the main coolant lines 


As the age of atomic power unfolds and expands, Crane 
continues to lead the way in flow control. 

Crane equipment is already playing an important 
role in the mighty Nautilus and Seawolf—the Navy’s 
celebrated atomic-powered submarines. 

Now Crane valves are ready to make history again 
in the peaceful use of atomic energy—in the nation’s 
first land-based atomic power plant. 


Eight Crane stainless steel gate valves—similar to 


the one shown above 
in the pressurized water reactor. Crane’s broad experi- 
ence in flow control for atomic power—dating from the 
beginning of this radically different field —assures low- 
cost, dependable service on this critical application. 

Whether your future involves atomic energy for 
power or radioactive materials for processing —call on 
Crane for the right valves and fittings. You'll find Crane 
has the depth in research, engineering, and manufactur- 
ing abilities and facilities you’re looking for. 


CRAN E VALVES & FITTINGS 


PIPE © PLUMBING ¢ KITCHENS e 


Since 1855 
46 


HEATING « 


Crane Co., General Offices: Chicago 5, Ill. Branches and Wholesalers Serving All Areas 


AIR CONDITIONING 
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What does the 
stress-rupture test show 


about the usefulness of 
Inconel “X”? 


The apparatus at right tells how long you can 
count on a metal under stress at high tem- 
perature. 

At Inco, batteries of such machines test 
metals to destruction under all likely con- 
ditions of loading and high-temperature oper- 
ation. These and other tests yield a wealth 
of valuable design information. 


For example: 

@ They show that at 1350°F., few commercial 
wrought alloys meet specifications as high as 
Inconel “X”* age-hardenable nickel-chromium 
alloy. 

@ When Inconel “X” specimens are stressed as 
high as 25,000 psi. at 1450°F., they provide 
1000-hour life. 

@ Up to 1500°F., the strength of Inconel “X” is 
outstanding under sustained or cycled stresses. 


@ The mean coefficient of expansion from 100 to 
200°F. is 7.6; from 100 to 1500°F., it is 9.0 
(units: 10° in./in./°F.) 


e At elevated temperatures, red heat, Inconel 
“X” retains excellent hardness, resists abrasion, 
galling. 


Add one more fact ... very high resistance 
of Inconel “X” alloy to oxidation and corro- 
sion at high temperatures. 

You may find that Inconel “X” is exactly 
what you need for moving parts, springs, 
forgings, sheet metal parts operating at high 
temperatures. Or maybe one of Inco’s other 
high-temperature alloys is indicated. Inco’s 
Development and Research Division will be 
glad to make suggestions. Just write. 


The International Nickel Company, Inc. 
67 Wall Street New York 5,N. Y. 


*Registered trademark 





INCONEL “X” Data Available 


Inconel “X” is produced in most mill forms 
including pipe and extruded tubing. For com- 
plete data concerning forms available, prop- 
erties, and fabrication write for the 79-page 
Inco booklet “Inconel ‘X’.” 
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Inconel “X” 


Keo Nickel Alloys 


for high strength 
at high temperatures. 





LIFELINE 


eco woe coo These are the “call letters” of the U. S. Coast Guard. Watching over more than half a million 
square miles of our coastal waters, the rescue record of this famous organization is one of the great air-sea 
sagas of war and peacetime service. Helping to extend the Coast Guard’s far-flung lifeline is the Martin 
P5M and the new P5M-2G, providing long-range sea reconnaissance for any emergency. Also, in active 
service with both the Atlantic and Pacific fleets of the U.S. Navy, ten squadrons of this famous seaplane— 
specially armored for anti-submarine warfare—are in operation today, from Norfolk to the Mediterranean 


and from Washington to the Orient. 


= = = Sess 
MVE 24 FET 2 Pa 


BALTIMORE: DENVER: ORLANDO 
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The M.IL.T. installation is a heavy water reactor, 
using an enriched uranium core. Cooling of the 
D.O will be provided by pure H,O through a heat 
exchanger. The reactor is designed for initial oper- 
ation at 1,000 kw; however, it is capable of being in- 
creased to 5,000 kw by the addition of extra heat ex- 
changing equipment. A medical therapy facility for 


Designed for advanced research in the bio- 
logical as well as the physical sciences, this 
major reactor facility at M.I.T. is presently 
being engineered and constructed by QC f 
Industries, Incorporated. It will go critical 
late in 1957. 


neutron treatment will be provided below the reactor 

The Nuclear Energy Products Division is 
staffed and equipped to design and build complete 
reactor facilities for power, research, materials test- 
ing, and other purposes. We cordially invite 
inquiries relating to design and manufacture of 
reactors, components and associated equipment 


QC f reactors currently under design and construction 


@ 1,000-5,000 kw heavy water research reactor for the 
Massachusetts Institute of Technology 

@ 5,000 kw heavy water research reactor for the Italian 
National Committee on Nuclear Research 

@ 20,000 kw light water materials testing and research 
reactor for Reactor Centrum Nederland. 


@ 30,000 kw light water materials testing and research 
reactor for Aktiebolaget Atomenergi of Sweden 


@ 10,000 kw light water materials testing reactor for the 
Nuclear Engineering Test Facility, Wright-Patterson Air 
Force Base, Ohio 


Engineers and scientists interested in joining this large, well-staffed and well-backed group 
are invited to inquire into the many available opportunities 


nuclear energy products division 508 Kennedy Street, N.W., Washington, D. C. 


QC f INDUSTRIES, INCORPORATED 
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ETTLER BALANCES 
ARE TRULY MODERN 





“Because eee 


Their design is based on sound principles .. . 
They are very well constructed . . . 


They are easy to operate. . . a pleasure to work with, 


The METTLER precision balance, type K-7T, is an 
excellent example of such a truly modern balance. It is fast, sturdy, METTLER K-77 
compact, easy to use, and above all, reliable. It has a taring device, PRECISION 
which is fast and simple and lets you compensate for any container seein 
weighing up to LOO g. Capacity: 800 grams. Built-in mechanical 
weights: 700 grams. Range of optical scale: 100 grams, with scale 


divisions of 0.1 ¢g. Precision: + 0.03 grams. 


HOW MODERN ARE YOUR WEIGHING METHODS? 


Do you deprive yourself of the savings 
in time and money, which these balances 
can bring to you, and of the ease with Vy) \ 
which even untrained operators can [\ 
ay // i) Wf 


Let us show you what METTLER balances INSTRUMENT CORPORATION 


can do for you. Write to us today for our 


complete file on METTLER balances. 


work with them ? 


HIGHTSTOWN, N. J 
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Qnnouncing THE DAYSTROM REACTOR TRAINING CENTER 


| be 
AND Jutraducing dan 


A NEW PROGRAM FOR REACTOR 
CONSTRUCTION AND TRAINING 


Designed to facilitate civilian research into the utilization of nuclear power, the D.A.R.T. (Daystrom 
Argonaut for Research and Training) Program has two significant phases 


COMPLETE D.A.R.T. REACTOR FACILITIES 


At the Daystrom Reactor Training Center, West Caldwell, New Jersey — our nation’s newest point of 

practical nuclear training — the company will manufacture, in quantity, low-cost D.A.R.T. Reactors 

capable of producing 10 kilowatts of power. 

To implement the obtaining of these Reactors by colleges, universities, and industry, a comprehensive 

Daystrom D. A. R. T. Program will deal with every aspect of purchase, including 

(1) TECHNICAL CONSULTATION to determ.ne and design most suitable facilities 

(2) SITE INVESTIGATIONS to evaluate and select best available location 

(3) PREPARATION OF REPORTS to fulfill all existing A.E.C. permit requirements 

(4) TRAINING — of several months duration to prepare personnel for the A.E.C. license 
examinations. 

(S) MANUFACTURE AND INSTALLATION — of the D.A.R.T. Reactor. 

(6) PREPARATION — of normal and emergency operating procedures 

(7) SUPERVISION — Of initial loading, start up and criticality. 


D.A.R.T. REACTOR TRAINING 


A specialized training course will be offered, at the Daystrom Reactor Training Center, to fully 
acquaint university faculty members and selected industrial personnel with the operation and 
application of research reactors. This course includes actual operation of the D.A.R.T. Reactor 
and lectures on basic reactor technology and theory 
Its curriculum is designed to qualify the individual for licensing by the A.E.C. as a reactor operator 
capable of instructing others in the operation and use of the 
D. A. R. T. Reactor. 





Additional etn all phases 
of Daystrom’s new DA 8.7. Program 


can be obtained by writing te 


Oo M N U Cc L. E A R Mr. A. Stanton, Directer, Bomestic Sales 


Division of Daystrom, Inc. or Mr. K. Kirchhottes, Birecter, 


WEST CALDWELL. N. J. Foreign Sales. 





Vol. 15, No. 4 - April, 1957 





NUCLEAR NEWS FROM ATOMICS INTERNATIONAL 


OMR a promising approach 
to meet world’s need for 
small to large power plants 


An important goal of the Atomik 
Energy Commission's program to de 
velop electric power from the atom is 
a low-cost reactor for plants with gross 
outputs of 10 megawatts or more. Such 
plants are particularly suited to areas 
that need relatively small increments of 
additional power, and to those parts of 
the world where coal, oil, and water 


power are scarce or costly 


The OMRE (Organic Moderated Reac 
tor Experiment), which AToMIcs 
INTERNATIONAL is now building at 
the National Reactor Testing Station 
in Idaho, is one of the more promising 
types for this purpose. The new experi 
mental reactor was pioneered by 
ATOMICS INTERNATIONAL — from pre 
liminary design to prototype 

It will be used to investigate the rate 
of degradation of organic fluids, the 
properties and compositions of the 
equilibrium mixture in the reactor, and 
the effect of organic fluids on heat 
transfer surfaces. Results of these ex 
periments will be incorporated into the 
nuclear power plants ATOMIcs INTER 
NATIONAL is planning for Piqua, Ohio 


and a Latin American country 


Basic advantages of the OMR are 
small size, compact core with good 
neutron economy, and elimination of 
problems with high-pressure primary 
coolant circuits and uranium-coolant 
reaction hazards. Its safety features are 
outstanding. The high boiling point of 
the organic moderator-coolant fluid 
permits a low-pressure system. There 
are no chemical incompatibilities be- 
tween coolant and uranium or coolant 
and water, and no unusual corrosion 
problems. Because of its fluid moder 
the OMR 


has a negative temperature coefficient 


ator—an isomeric terpheny! 


of reactivity, which acts as a governor 
in case of power surges Or Cxcess power! 
levels. The organic fluid becomes only 
slightly radioactive, which makes the 
entire heat-transfer system relatively 


accessible 


A typical power plant, such as the 
one proposed for Piqua, Ohio, has a 
gross electric output of 12,500 kilo 
vatts and a heat output of 45,500 


thermal kilowatts. It produces steam at 


lower in larger OMR plants. Lower 
power costs are also expected to result 
from advances in OMR technology. 


Atomic power for supertankers. The 
AEC has assigned ATOMICS INTERNA 
riONAL the challenging design study to 
adapt the OMR for maritime use. The 
OMR, considered a promising possibil 
ity for ship propulsion, is expected to 
be particularly suitable for supertank 
ers. The OMR offers the safety of a 





_— 





TURBINE GENERAT 








a pressure of 415 psig (29 kg/cm*) and 
a temperature of 550°F (288°C) 

rhe reactor core is heterogeneous 
with fuel elements and control rods 
immersed in the moderator-coolant 
fluid and contained in a thin-walled 
core tank. The fuel is uranium slightly 
enriched in U235, 

Power costs for this reactor, includ 
ing both capital and operating charges 
are estimated at 18 mills per kilowatt 
hour. Power costs will be significantly 


low-pressure system, low construction 
costs (because it can be built of alumi- 
num and mild steel instead of more 
expensive zirconium and stainless 
steel), and low maintenance costs. 
ATOMICS INTERNATIONAL is staffed 
and equipped to help you with any 
phase of reactor development. Please 
write: Director of Technical Sales, 
Dept. C-4, ATOMICS INTERNATIONAL, 
P.O. Box 309, Canoga Park, Calif. 


Cable address: ATOMICS. 


NORTH AMERICAN AVIATION NC 


47> ATOMICS INTERNATIONAL 


PIONEERS IN THE CRI USE OF THE ATOM 


April, 1957 - NUCLEONICS 


ATIVE 





> 


Ss 
2 FULTON SYLPHON 


PACKLESS VALVES 


YOU CONNECT AND FORGET 


Some valves are good for severe corrosives, others for high 
pressures and temperatures, but these Fulton Sylphon 
Packless Valves are complete valves capable of mastering 
the toughest possible combination of conditions in atomic 
energy plants and grueling chemical processes. They assure 
utmost safety in handling hazardous materials, require no 
periodic maintenance, and practically eliminate down-time. 


Typical of how Fulton Sylphon matches valve to process, 
these valves are made of stainless steel throughout, with 
the valve body machined as one unit from solid bar stock. 
And to prevent leakage or contamination, a SPECIAL 
SYLPHON® BELLOWS in multi-ply stainless steel forms 
a permanent, leak-proof seal for the stem. That is why 
they tame the severest corrosives inside and out. This is 
the reason, too, why these valves provide a high safety 
factor in high temperature-high pressure service. 


These and other Fulton Sylphon Valves are available in 
many types, sizes, and metals—all with packless construc- 
tion for greater safety, less maintenance and longer runs 


on stream.”’ 


A SPECIAL SYLPHON BELLOWS 

which forms the permanent, leak- 

proof stem seal on all Fulton Syl- 

phon Packless Valves offers four 

outstanding features. It is (1) cold- 

worked for greater resiliency and 

longer life, (2) seamless, without 

- - welded seams to break and leak, 

(3) formed in multi-plies for greater 

See Teeny VER strength, and (4) made in the right 
BULLETIN GV-813 metal for service requirements. 


Ky 
alll. Kohertehaw Fultow 


FULTON SYLPHON DIVISION ~- Knoxville 1, Tennessee 
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terials, explosives, poisonous gases, etc. While we do confine our personal pick-up 
service to a 500-mile radius from Boston, still we were able to toke advantage of your 
inquiries from all over the country, That's because we also provide shipping facilities 
(proper containers and instructions) to meet the laws for inter-state transportation. 


XY. As you know, our (CROSSROADS) business is the disposal of radioactive waste ma- 


McGRAW-H ILL PUBLICATION 











MARINE DISPOSAL CORPORATION 
26 T WHARF BOSTON, MASS. 


LA 3.4908 

JOHN C. SANTANGELO G8ORGE C. Penn 
SS UNDERWOOD STREET @1 BOYLSTON STRGaT 
BELMONT, MASS CHESTMUT HILL, MASS 
06. 6-619 as. 7-78 

Mr. Phillip H. Hubbard, Jr. 

District Manager 

NUCLEONICS 

330 West 42 Street 

New York 36, New York 


Dear Phil: 


This is written on impulse--to tell you how small-space 
advertising in NUCLEONICS has tripled our business since July, 1956! 


That first one-sixth of a page ad in July brought us inquiries 
that resulted in sales and new customers at the rate of one-a-day for the 
first twenty days. On the twenty-second day, it brought.us two new customers 
(quite a return on an investment of $69.17!) 


Since that time, we have placed another sixth-page and two-third 
page advertisement in NUCLEONICS; and the inquiries are still coming in. 


Due to the nature of our business, an inquiry to us invariably 
means a sale. And this sale soon becomes a customer, Thus, we consider 
the leads which we receive from NUCLEONICS not inquiries but customers, 


We started our business in 1946, But in the past five months we 
have tripled the volume--and it's all due to this modest NUCLEONICS 
advertising program. 


* 


To sum this up, let me quote my partner, who said: "We now 
consider our NUCLEONICS advertising as important as our rent." 


| Sincerely, 
pisrPosers OF Mevrinns cel 


@ RADIOACTIVE WASTE George C. Perry 

EXPLOSIVES President 
PYROFORIC MATERIALS 

SALVAGE TUG 
(RENE MAY POISONOUS GASES 

MARINE PHONE FLAMMABLE MATERIALS 

CONTAMINATED EQUIPMENT 

TOXIC MATERIALS 

ACIDS AND CAUSTICS 
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AMF MANIPULATORS 


for durability and uniformly sensitive touch 


AMF ATOMICS the 


designer and producer of radio-active 


nation’s leading 
materials handling equipment— produces 
a complete line of Model 8 Master-Slave 


Manipulators, uniformly fashioned to the 


highest possible precision standards 


Quantity production made possible by 
the large demand for AMF Manipulators 
assures not only uniform rugeedne for 
durability under field condition but 
complete parts interchangeability as well 
It means immediate delivery from inven 
tory for most models 

And because AMF unit 


in quantity, you can be assure 


ire produced 
unit has the same sensiti 
feel as every other. Sucl 


formance climinates delay 





adjustment to variations in touch of othe 
manipulators. 

U nexcelled for dexterity and all-around 
reliability, the AMF Manipulator Argonne 
Model 8 can be equipped with a variety 
of special-purpose slave ends to perform 
the most specialized of hot cell opera 
Though highly 


handle weights up to 50 lbs. and more 


tions sensitive, it can 
And it can easily be transferred from one 
through-wall position to another to pro 
vide maximum usefulness 

For manipulators or radio-active mat 
rials handling equipment of any kind 
get in touch with AMF ALOMICS today. 





All Models Available With 
Right or Left Hand Grip 


Mode! 
Number 


3666 
3672 
3678 
3684 
3688 
3690 
3966 


A 
52% 
52% 
52% 
52% 
52% 
52% 
55% 
553% 
55% 
553% 
5544 
55% 


8 
55% 
55% 
55% 
55% 
553% 
554% 
58% 
5834 


5844 


c 

36 
36 
36 
36 
36 
36 
39 
3” 
39 
39 
39 
39 


7) 

24 
30 
36 
42 
46 
48 
24 
30 
36 


E 
127% 
133% 
139% 
145% 
149% 
151% 
130% 
136% 
142% 
148% 
152% 
154% 


AMF ATOMICS Inc. 
AMF Building + 261 Madison Ave. « New York 16, N. Y 
Subsidiary of AMERICAN MACHINE & FOUNDRY COMPANY 


ATOMICS 


@ Radiation Process Equipment @ Power and Research Reactors @ Reactor Control Systems 
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another example of exciting work at los alamos... 


BREAKING PROBLEM BARRIERS 


The linearized Boltzmann equa- 
tion shown at the right uescribes 
the transport of neutrons in a slab. 
Its mathematical structure was 
first completely worked out at Los 
Alamos. This is only one of the 
many fundamental problems in 
disciplines ranging from pure 
mathematics through biology that 
are yielding to newly developed 
methods of experimental and 
theoretical analysis. 

The Laboratory has entered a new = See 


= on _ 


phase of scientific endeavor. Pio- 
neering activities in the unex- 
plored realms of nuclear power, 
nuclear rocket engines, and con- 
trolled thermonuclear power have 
been added to its weapons pro- 





gram; experiments are being 
planned and carried out at pres- 





sures and temperatures far beyond 
any previously created by man. 
These activities exemplify the | 
imaginative approach by which 


eminence in scientific achievement. 


the Laboratory maintains its pre- f 
\ 


Mathematical support for many of the Laboratory's programs is 

| given by the Theoretical Division, which also pursues its own investi- 
gations in hydrodynamics, magnetohydrodynamics, computer theory 
and design, and other fields. The vast amount of computation in- 
operation of the volved has brought about the creation at Los Alamos of the largest 
nie fer the U..$ known computing center devoted exclusively to scientific work, 


Loboratory is a 


The “Maniac” (above) is one of the many advanced computers 
in use at the Laboratory. 


‘ alamos 


scientific laboratory 


OF THE UNIVERSITY OF CALIFORNIA 
LOS ALAMOS, NEW MEXICO 
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AN EFFECTIVE WAY TO DEVELOP 
VALUABLE GOOD WILL FOR YOUR COMPANY 


...and help to do a life-saving job at the same time 


You can achieve lasting good will for your 
company —the kind of good will that results 
in friendly relations with every group in 
your community. And you can help to save 
precious lives at the same time, by putting 
your company’s efforts behind the nation- 


wide campaign against traffic deaths. 


During 1956, the national total ofhhighway 
deaths was over 40,000 —the highest figure 
in our history. The cost to the country of 


these wasted lives is incalculable. 


But the picture wasn’t entirely black. In 
many areas—in small towns and big cities— 


the terrible upward trend was reversed. 


This was accomplished by community 


action—by business leaders, civic organiza- 
tions, church, fraternal and PTA groups 
joining together with law enforcement agen- 
cies in an all-out attack on traffic deaths. 
The figures prove it. Wherever people get 
together to do something about traffic safety, 


deaths go down. 


BACK THE ATTACK ON TRAFFIC ACCIDENTS! 


Your company can perform an inwaluable 
service for your community, and for the coun- 
try as a whole, by pitching in and helping in 
this life-saving crusade, For full information 
on what you can do—and how you can 
do it—write The National Safety Council, 


Chicago 11, Illinois. 


Published in cooperation with 
The National Safety Council 


The Advertising Council 
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ty Te ate 


Here are 4 Paceco gained-through-experience 
g g 


A 
G | R D LE | N T H E MA K | NG skills you may be seeking for design and fab- 


Pa rication of your nuclear equipment 


we 1. Skill in welding and heat treating of steel 
4 and alloys, both light and heavy gauge 


. Skill in fabricating of corrosion-resistant 
metals and alloys 


Ca 
Skill in producing heavy equipment to ex 
tremely precise mechanical tolerances 
Skill in designing and building equipment 
to resist extreme pressures and intense 
— temperatures 


Some units we have built direct from buyer's 
plans. In other instances, however, Paceco 


, NUCLEAR engineers work with the buyer at the design 
“TAILORS OF STEE L” ® ing stage. Experience has proved this consul- 


tation may sharply lower initial cost, improve 
operational efficiency and reduce mainte 
nance. We invite consultation on your re 
quirements 


PACIFIC COAST 
ENGINEERING COMPANY 


lo safely withstand the design pressure of 1215 p.s.i.g. at 578° F, ENGINEERS » MACHINISTS « FABRICATORS 
° ; . j fornia, \Akehurst 2-610 
shell is fabricated from 3%” clad steel with 4” 304L stainless eee ae eres were 
PACIFIC COAST ENGINEERING CO., INC 
steel cladding and A212 Grade B mild steel backing New York 17, 51 Eost 42nd Street, OXford 7-147! 
REPRESENTATIVES 


Basic size of 60 ton reactor vessel was determined by General Pasadena &, Calif, 3018 E. Foothill Bivd., R¥an 1-9373 
Konsas City 12, Mo., 4706 Holly Street, Ploza 3-3797 


Electric. Entire design and engineering was supplied by Paceco. Houston 2, Texas, 3619 Robinhood, MOhowk 3504 


his is one plate being rolled to shape for the Boiling Water Re- 


actor now under construction by Paceco for General Electric Co. 





. 3 


INITIATION WITH 4 


a tt 
oMeal? - 
F 


Gamma radiation to initiate chemical chain reactions is avail- 
able with sources of Cobalt 60 in strengths up to 50,000 curies 
for applications as diverse as the vulcanization of rubber, 
polymerization of synthetic resins and the synthesis of chemicals. 
Nuclear Systems can provide a complete radiation package 
sources, equipment, instrumentauion, training and facility 


design 


i © Et Os Es Sy ee ee | 


A DIVISION OF THE BUDD COMPANY 
Philadelphia 32 
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Fast Breeders Are Essential 
to Future Atomic Power 


A statement by HANS A. BETHE* 


One of the most compelling reasons for developing atomic power is to extend 
our fuel reserves. We hear that our natural oil supply will become insufficient 
in two or three decades, and that coal reserves, although much larger, are also 
limited It is likely that in 30 to 50 years a large fraction of our power will be 
derived from atomic energ However, power demands are increasing at such 
a rapid rate that even the energy available from atomic resources could soon be 
used up unless these resources are fully employed 

It is clear that a breeder will be of the utmost importance for a large-scale: 


atomic-power economy If we use only the isotope | which is directly fission 


able, then all the uranium reserves now known to exist in the world will give leas 


0.7% of 


energy than the known reserves of coal his is because | is only 
If we learn to use breeders we can use all the 


the uranium we find in nature 


uranium instead of just the | because a breeder will convert the nonfissionable 


material U2**, which constitutes 99.3% of natural uranium, into fissionable 
plutonium. This will extend the supply of atomic fuel more than a hundred fold 
Only if we can do this will atomic energy give us a real improvement in our fuel 


reserve If we succeec the uranium reserves will outlast the reserves of our fo 


fuels more than 50 time 


Fast breeders seem to me indispensable for this purpose In uranium-fuele 
thermal and intermediate reactors less plutonium is produced than | is COD 


sumed, But in a fast reactor the production of plutonium will be greater than 


the consumption of [ Ultimately when plutonium can be used as a fuel 


for a fast reactor, one hopes to produce in a breeder at least 1.5 plutonium atom 


for each plutonium atom used up as fuel Such a breeder would then be like a 


coal furnace which make more coal than it uses up The development of 


breeders of this kind is a most important measure of the conservation of out 


precious atomic fuel 


* Dr. Bethe is Professor of ysics at Cornell University Although he i 
for his contributions to the basic theory of the nucleus, he has always been interested iy 
atomic-power matter During World War II he was Chief of the Theoretical Division of 
the Los Alamos Scientific Laborator At the present time he is a consultant for Atom 
Power Development Associate Ine 

The statement published here i portion of the testir 


ony presented by Vrof, Bet 
the AEC hearing on January & concerning the Enrico Fermi Fast Breeder 
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Problems and Prospects 
AEC’s Fast-Reactor Program. 


The Enrico Fermi Reactor 
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AT THERMAL ENERGIES « is moderate, fission cross section high. 


Thus breeding ratio is not quite 1.0 but critical mass is low . 


Fast Breeder Power Reactors— 


Aside from their long-term role as plutonium breeders 


fast reactors could become competitive as power producers. 


At the moment four major difficulties stand in the way 


Because the fast-breeder 
actor is the 


breed Pu 


power re 
that 


from I it will cer 


only reactor typ 


can 
tainly find a place in any future large 


scale atomic energy economy How 


large this role will be however vill 
depend not so much on the ability of 
a breeder but 


the fast reactor as more 


on its ability to compete successfull 
with other reactor concepts as a pro 
ducer of commercial power At pre 
difficultie tend to 


ent four basi 


make the fast-reactor concept les 
ver plant 


high 


attractive for larwe-scale po 
1. Need for 
core-power density 
2. Problems of 
3. High fuel costs because 
inventory and frequent reproce 
4, Criticisms 
cerning fast-reactor safet 


operatior it 1 


odium technol 


have been mace 


High Power Density 

High power densit 
feature ol the fast me 
heat-transl! 


calls for 
not usually encountered 
Because the active 

reactor is inherently sm 

core of a thermal reactor for the 

total power, the power density 
fast-reactor core must be an ord 
than the power 


magnitude greater 


density in a typical thermal reactor 


To accommodate this high power der 
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sity, high heat-transfer rates must be 
provided for in the core design 
In addition to liquid metal 


using 


as a coolant, the designer must use 
finely divided fuel to provide enough 
Thus 


coolant 


lust 


for heat transfer 
thicknesses 


widths are 


surface area 
fuel-element and 
channel small in a 


power reactor. In the Enrico Fermi 
Fast Breeder Reactor, 
fuel-element assembly 
fuel pins, 0.158 in 
spaced 0.021 in. apart 


thin the 


lor instance, a 
consists of 144 


in diameter, 30 in 


long 


In addition to fuel 


being 


pitts must he made and assembled 


iccuratel) 


Since the power density is never 


uniform over the core and since dimen 
phy sift al 


ions and properties in 


dividual elements will var to some 


extent from the precise design values 


the operating temperature ol some 


elements in the core will always be 
iwnificantly above the average value 
The a 


ture 


fuel operating 
thereby the thermal effi 
then limited by the 
of these ‘ 


erage tempera 


and 
ewenceyv) is tem 
perature hot elements 


Thermal efficiency can be improved 


by making the fuel-clement tempera 


ture distribution as uniform as possi 
ble Fast-reactor designers minimize 
the effect of spatial power variation by 
rearranging core materials and differ 


entially orificing coolant flow channels 


The effect of variations in the 


properties and dimensions of  indi- 


vidual fuel elements can be offset only 
by specifying strict design  toler- 
ances for the fuel-element components 
Thus the basic 


not only 


parts ol a last-reactor 


core are smaller but must be 
fabricated and positioned with greater 
than 


reactors 


precision would be required in 
having the 
The additional ex- 
penses for constructing and maintain 


ing the 


thermal same 


thermal efficiency 


more finely divided core 


represent an economic penalty for 


the fast-reactor concept 


Sodium Technology 
Liquid-metal cooling is another nee¢ 


feature of last-power-reactor 


( il 
designs A fast reactor needs a coolant 


that does not moderate neutrons 


good heat-transfer properties 
fulfill both 


ind has 
Liquid 
these 
ticular ha 


metals in general 


requirements Sodium im par 
heat-transfer 


attack 


outstanding 


properties and doe not con 


tainers made of widely used structural 


materials like low-carbon stain- 


less steel and 


ron 
Inconel. In 
sodium 


addition 


the melting point of is low 


enough to be used with ordinary strue- 
tural materials, and its boiling point is 
a high thermal 
last 


use sodium (or 


high enough to allow 
For these 


efficiency reasons all 


reactor designs 
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AT HIGH ENERGIES a is small, fission cross section low 


Fast-reoctor neutron spectrum 
-- 


“ 


+ 


Thus breeding ratio is greater than 1.0 but critical mass is high 


Their Problems and Prospects 


dlium-potassium «as the coolant. 
Although enough information exists 
that a 


reactor 


toda to indicate full-scale 


odium-cooled could be con- 
tructed and made to work, no one has 
et demonstrated that the operation 
would be feasible 


ot such a system 


nacommercial power plant. Systems 

ng primary sodium and secondary 
iter cooling, compared with systems 
th only water circuits, require heat 
unger and piping welds of much 
iter reliability. Liquid-metal sys- 


m components, pumps, valves, and 
beginning to 
market, but 


more 


nstruments are appear 


e commercial they 
considerably 


hefore they 


engineering 
opment can be used 
is much confidence as the more 

components used in’ water 
rrevent plugging and corrosion 


coolant channels and piping, 
mount of sodium oxide present 


kept 
this contaminant over 


stem must be small 
mtrol of 
period of time may prove to 
major problem for large sodium 
with 


carcity of expenence 


’ tems is summed up in the 

ealization that the EBR-I, a 1-Mw 
erimental system is the only 
sified sodium-cooled reactor that 

een operated anywhere in the 

i to date 

programs of 


wever, the reactor 


(jreat Britain 


this 


ted States and 


correct situation 


soon 


ne viium Reactor 
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experiment, a 


AKC and North 
will go critical the 
The British 
start-up of the 


jomt venture by the 
American Aviation 
first part of this 
have scheduled the 
first tast 
Dounreay, Scotland, in 
EBR-II, the 
of the Dounrea 
operation in 1959, and 


EFFBR, the — first 


power 


vear 


reactor at 
1958. The 


counterpart 


world’s power 
American 
reactor, os 
finally, the 

last 
1960 


to begin 


large-scale 
reactor, is planned for 
The considerable experience obtained 
in operating these large sodium systems 
should answer many of the 
about the feasibility of 


nology in industr 


questions 
ter hh 


sodium 


Fuel Inventory and Reprocessing 


The fast-power-reactor concept also 
implies high fuel inventory and extra 
The 


material of 


costs eriti 


fuel-reprocessing 


cal mass of fissionable 


i fast reactor is larger than the mass 


of a comparable liquid cooled thermal! 


reactor by a factor of two or so 


Since a large fuel inventory represents 
a large capital investment the material 
efficiency of a reactor (kw of electrical 
output per kg of fuel an important 
determining the economi« 
Although 
high thermal effi 


they b nature have low 


factor in 
feasibility of a 


last 


reactor 
systems have 
evency mate 
rial efficienc 6 that the over-all or 


i last system 


that of 


‘economu efliciene ol 


could easil be smaller than 
a water-cooled thermal system 
-In addition the 


fissionable 


concentration of 


material in the meat of a 


fue! element is roughls 


fast-reactor 


20% as compared with | or 2% for a 
Because 
kinds of 


removed 


thermal-reactor fuel element 
both 


have to be 


of radiation damage 


elements would 
from the reactor for reprocessing after 
not more than a number of fissionable 
atoms equal to about 2% of all the 
nonfissionable) 
This 


consume 


atoms (fissionable and 
present have been burned up (/ 
amount of burnup would 
almost all of the initial fuel charge in a 
thermal element assuming enough 
breeding to keep the reactor critical) 
but not than 10% 


more of the initial 


fuel charge present in a fast-reactor 
Thu 
to be reprocessed more than 10 times 


finally fant 


element a fuel atom may have 


before it is burned in 4 
reactor 
These extra reprocessing operation 


wld to the cost 
directl 


will certain! 
iting a fast 
the costs of the 


ol oper 
reactor through 
operations themselves 
through the larger in 


fuel los - 


and, indirectly 


entory requirement ind 
charges associated with reproce 


On the 


‘iti 


other hand unlike the 


thermal reactor the fast reactor is 


insensitive to fission-product poisons, 
Fuel burnup in a fast reactor is there- 
fore limited more by radiation damage 
to the than by ay 


reactivity 


fuel nilable excess 


Moreover the reprocessing 
remove all of the fis 


need not 10n 


products and therefore can be much 


cruder. However, it unlikely 
that these ac 


disadvantage of multiple reprocessing 


ROCCTILS 


antages will outweigh the 


\ possible way around this difficulty 
A} ( in 
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heing explored by the 





the Los Alamos molten-plutonium served to focus attention on the ques- 
reactor experiment But tl reactor tion of the safety of fast-reactor sys- 
concept has extreme design require tems. The EBR-I, the AKC’s first 
ments and is regarded as something experimental fast breeder, is the only 
that may prove feasi i fast reactor with which we have had 
distant future, (See p. 67 extensive operational experience to 

At the present time the date. It is a matter of record that 


reactor concept seems to be burdened during its recent operation the EBR (a) 


with excessive fuel-reprocessing cost exhibited resonance instability b 

which may or may not be eventually showed definite evidence of a positive 

eliminated, In any case the fast temperature coefficient, and (c) suffered 

reactor will always be faced with the a partial meltdown of its core during a 

extra expenses associated vith t power excursion 

large fuel inventory It is easy to infer that these unpleas- 
ant traits are fundamental to all fast 


Safety reactors However, PRDC testimony 
The recent Power Reactor loy refutes this guilt by association In 
ment Corp PRI iring i his testimony 4) Hans Bethe argued 


Principles of Fast Breeders 


A fast reactor is one in which the fission events are caused by fast neutrons—neutrons 
with energies close to 1 Mev. Thus, a fast-reactor designer must choose a configuration 
of materials that gives a neutron born in fission a good chance of being captured in 
fissionable material before it can either be captured elsewhere or be slowed down 
through scattering. The neutron cross section of materials in general (and of fissionable 
materials in particular) limit the design choice to one basic type—an enriched, un- 
moderated, core of fuel diluted as little as possible by other materials. 

The absence of a hydrogenous moderator and the careful restriction of the amount 
and kind of materials used in the core are necessary to keep the neutron spectrum fast. 
Thus, the use of light clements in a fast-reactor core is always avoided. Structural and 
coolant materials should be held to a minimum since the addition to the core of any 
material other than fuel tends to soften the neutron spectrum. For instance, in going 
from the EBR-I (a fast experimental reactor) to the Enrico Fermi Fast Breeder Reactor 
(a power reactor) the average neutron energy is depressed from 0.5 Mev to 0.25 Mey 
by the addition to the core of materials necessary for cooling and breeding. 

Since the fast-neutron fission cross section of U*’ is only a few times greater than 
the absorption cross section of U°", enriched fuel must be used to make a fast reactor 
critical. In addition, the fast reactor, to achieve criticality, needs a greater total 
amount of t than does a liquid-cooled thermal reactor. The reason is that the fast 
fission cross section of f is roughly 400 times smaller than its thermal fission cross 
section. Thus if the two kinds of reactors were to have the same core volume, the 
critical mass of U*" for the fast reactor would be many times larger than the critical 
mass of the thermal reactor. 

However, a fast-reactor core will always be smaller than a thermal-reactor core pro- 
ducing the same total power The fast-reactor core is smaller to begin with since it 
has no moderator component. In addition, the designer makes the core still smaller 
to reduce the critical mass and to keep the neutron spectrum fast. The first effect is 
purely geometrical; the second holds because a large core will be more diluted with 
nonfuel materials. The minimum practical core size is fixed by the amount of power 
per unit of core that can be tolerated from heat-transfer considerations. 

It turns out that compared with a liquid-cooled thermal reactor of the same power 
the optimum fast reactor, although it has a much smaller core volume, still has a 
significantly larger critical mass A fast reactor will then always operate at a higher 
power per unit volume of core and at a lower power per unit weight of invested 
fissionabie material. 

A primary reason for building fast power reactors is that breeding of U’" is only 
possible in a fast reactor. The breeding ratio (number of fissionable atoms created 
per fissionable atom destroyed) in a thermal reactor is less than 1.0 for the U*’-fuel- 
U™-blanket and the Pu’’-fuel-U*’-blanket combinations.* The fast reactor has a 
breeding ratio near 1.2 for t U*" and of at least 1.5 for Pu’”-U™. 

The fast-reactor breeding ratio is larger in general because of the smaller absorption 
of neutrons in structurals. For Pu’®-U™ and U*’-U™, in particular, it is larger be- 
cause of the fast fissions in U°" and the high value of a (ratio of the nonfission capture 
to fission cross sections in the fissionable isotope) for thermal neutrons in Pu” and 
U™, 

To obtain the breeding ratios quoted above, the average energy of the neutrons in the 
fast reactor must be kept above 0.10 Mev. Below this energy the value of a in- 
creases rapidly, reducing the breeding gain. (See figure on p. 63.) 


* It is true that the breeding ratio in a thermal reactor can be greater than 1.0 where 
U™ is the fuel and thorium is the fertile material but we are concerned here with U™ 
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that the undesirable features of the 
EBR-I are not basic to fast-reactor de- 
signs and that a small amount of addi- 
tional knowledge in this field would 
point the way to fast-reactor designs 
that are sale 

There are a number of characteristics 
peculiar, or sometimes believed to be 
peculiar, to fast reactors that are often 
cited by those who argue that this class 
of reactors is, in fact, inherently unsafe. 
They are cited here along with the 
counterarguments. 

Short prompt lifetime. Perhaps the 
most conspicuous of these character- 
istics is that the prompt-neutron life- 
time of the fast reactor is very short, at 
least a hundred times smaller than the 
prompt-neutron lifetime of a typical 
thermal reactor Thus, if the reactiv- 
ity ever exceeds prompt-critical, the 
power in a fast reactor will begin to rise 
with a period a hundred times faster 
than that in a thermal reactor 

Although the advocates of fast sys 
tems admit that the power excursion 
resulting from a prompt-critical reactiy 
ity would be much more severe for a 
fast reactor, they point out that the 
nature of fast reactors permits designs 
that make a prompt-critical situation 

ery unlikely 

Because fast reactors are insensitive 
to fission-product poisons and have a 
large critical mass, the excess reactivity 
required to operate for a given number 
of megawatt days is much smaller for a 
fast reactor than for a thermal reactor 
A large thermal power reactor requires 
in excess reactivity of the order of ten 

lars The needs of a comparable 
faust power reactor can be satisfied by an 
Ke reactivity of less than one dollar 

is below the prompt-eritical 

Thus, unlike thermal-reactor 
designs, the total amount of excess re 
tivity built into a fast reactor is less 
than the amount required to make the 
reactor go prompt-critical Fast-reac 
tor designers feel that under these cir 
cumstances it is difficult to imagine 
how a prompt-critical situation can 
irise without postulating a series of 
very unlikely events 

liven if by some unforeseen combina- 
tion of circumstances the reactor should 
exceed prompt-critical, fast-reactor de- 
signers predict that nothing too serious 

uld happen. NDA (Nuclear De- 
velopment Corporation of America 
has carried out calculations for APDA 

Atomic Power Development Associ 


ates Ine which show that even 
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quite pessimistic conditions the 


| energy released during a prompt- 
i power surge would probably 


be enough to rupture the reactor 


Moderator accident. Another! 
faust that 
ght influence safety is that the reac- 


t qt 


cteristi ol reactors 


a fast reactor will increase if 


derator is somehow introduced 


the system lor instance, if the 

n a fast-reactor coolant system 
irtially replaced by some mate- 
mtaining hydrogen say oil or 


the reactivity would increase 


rht conceivably vo beyond 


pt-critical 


r, that 


Designers believe, 
last-reactor systems can 
tructed in wavs that will elimi- 
possibility 
EEERBR designers 


restricted the use of 


for instance, 
severely 
genous materials anywhere in the 
difficult to see 


the small amount of material 


since it is 


iM available could get into 
the EKFFBR de- 


for their machine 


stem, 
that 


dium s 
ioderator hazard is negligible 

temperature coefficient. 
ition that the EBR-I had 
temperature coeffi 


Positive 
Che obser 
1t positive 
sometimes interpreted to mean 

| fast reactors will have prompt 

e temperature coefficients 

se familiar with the physics and the 
the EBR-I believe that the 
They that 


hserved positive coethcient most 


te |} true contend 
kely originates from the bowing of the 
fuel elements caused by radial tempera 
luring reactor 
the 


ture gradients present 


tion One can estimate 
nt of bowing that should occur at 
reactor power, and this turns 

be about the right amount to 
the observed temperature co 
Since no one can suggest any 

e effects to explain the obser- 
that 
vas the sole cause of the EK BR-I 


Such 


* it is generally believed 


e temperature coefficient. 


ct clearly depends on particular 
f the core design and has noth- 
do with characteristics of fast 
ctors in general 

The EBR-I 
periments also revealed another 
instability, called 
instability. This kind of 


tor instability is characterized by 


Resonance instability. 
less 
known type ol 

fit ariee 
pontaneous oscillations of the reactor 


ver at certain discrete reactor oper- 
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Strategies for Exploiting Our Atomic Resources 


From a technical point of view there are two possible strategies that could be used 


to extract energy from the world’s resources of uranium and thorium. 
or one could use mostly thermal reactors with a few fast 
Economic feasibility will determine which scheme will 
It is too soon to say which system will ultimately prove superior 


fast reactors exclusively 
reactors for breeding purposes. 
eventually be used. 


One could use 


At the moment, however, for reasons presented elsewhere in this article thermal reactors 


seem to have the edge. 


If the thermal machines do indeed win out, the atomic power industry may develop 
along the following lines: In the beginning all commercial power will be generated 


by thermal converters using lt 
can breed successfully on a t 


” or thorium as raw materials. 
"<Th cycle and there would be presumably no economic 


Since thermal reactors 


advantage to using fast reactors for this purpose, thermal reactors alone will continue to 


be used to exploit thorium energy resources. 


Thorium deposits are believed to represent 


about half of the total atomic-energy potential; therefore on this basis, thermal thorium 


converters will account for roughly half of the reactor population. 
converting natural uranium cannot breed and so require periodic 
obtained by enriching natural uranium will be used for this 


material. At first [ 


purpose. 


Later on Pu produced by a fast reactor will become cheaper than t 
At this point the fast breeder will take over the function of supplying 


enrichment. 


fissionable material to the uranium-converting thermal power reactors. 


Thermal reactors 


iiei i bl 





produced by 


The breeding 


ratio of the thermal converter is close enough to 1.0 so that a single fast breeder can 


supply a number of thermal reactors. 


Thus if the converter has a breeding ratio of 0.9 


and the fast reactor has a ratio of 1.5 the fast reactor can keep five thermal con- 


verters in business, each at a power level equal to that of the fast reactor, 


Thus the 


primary function of a fast-breeder power reactor of the future will be to feed filssionable 
material to thermal reactors which in turn will generate practically all the power. 


In this way the total energy available in the world’s resources of t 
Although in such a scheme the number of fast reactors would be in 


pletely utilized. 


the minority, their presence is absolutely essential. 
For this reason, regardless of which reactor type 


stored in U“ would be inaccessible. 


can be com- 


Without them most of the energy 


proves more economical, the development of satisfactory fast breeder power reactors 


is a job which must be done. 


Ag ‘iti 


Kind ol 


ating conditions 
with thi 
limited to the EBR-I 
tendency to a 
bility 
recent studies indicate that the resonant 
behavior of the EBR 


since exper! 
ence behavior ts 
there has been a 
oclate resonance insta 
with fast reactors However 
I, like the positive 
temperature coefficient, is caused by 
ind would not 


teristic of tast 


specific design features 
be a general chara 
reactors 

behavior of a 


ee 


In general, resor 
physical system depends on the exist 


ence of a feed-back relationship he 


tween twody 


with the s 


nam iriables associated 


stem In « reactor the 
power influences the reactivity, and the 


reactivity in turn determines the 
80 that these twe iruaibles 
back loop Ber itise ol this feed bach 


mechanism reactor 


power 


form a feed 


stems may have 


resonances at certain well-defined oper 


ating condition hen the reactor | 


operated at certain combinations of 


* At one time the 


reactor fuel wa col 


Doppler effect in the 
idered as a possible 


pt positive 


source of a I I temperature 


j 
coefficient Ilowever enough information 
is now available 
For the EBR-I be 
served positive temperature coefficient can 
be explained by Doppler effect In a large 
power reactor like the EFI BR, because of 
the higher ratio of U** to U* 
effect will give t negative 
coefficient 


to discount this possibility 


t only & of the ob 


the Doppler 
temperature 


avd coolant flow thre rene 
to oscillate at a 


powell le vel 
tor power will begin 


definite Treqtuc ney without any external 


couse If the reactor power | in 


creased beyond the resonance value the 
of the power oscillations will 
The 
intrinsically un 
Hlowever, the re 


completel nile 


amplitude 
increase exponentially with time 
reactor would then be 
stable in this region 
is long 


below the 


wtor would ln 


is its power level is kept 
resonance aline 
Sethe 


PRId« 


inal is of the 


incorporated inp hi 
testimony a thorough 
and detection of re 
stems (3 He concludes that 


the 


theory soOnnnCces In 
reactorsy 
ilw i 


delaved 


i reactor resonanes require 
| 


existence of a large negative 


temperature coethcient reactivity 


coelhcient vould 


with the heating of 


Such 


probabl be 
issociated atrue 
tural components outside the core by 
Bethe points out that thi 
kind of difficult ird to fore- 
ind might not 


built 


convection 
vould be | 
ee in the design stage 
be uncovered until the reactor ts 
and tested For instance, no one has 
ial ongin of a 


coelh 


et explained the ph 
delayed negative 
cient in the EK BR-I 


Because the e 


temperature 
istence of a delayed 


negative temperature coefficient de 


idual 
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pends on the details of the indir 





reactor design 


PreROLANCES, pic 


either thermal! or fast 


in prime 


ever, he also points o 
tions for @ resonance 
be satisfied in an uns 


eore reactor than 


large-core reactor Sit 
generally fit the former 
thermal reactors the 
might be expected to e1 


quently in fast syste: 


Jethe feels confident 


kind of reactor system 
by 
Further observation 
AKC on EBR-I 
able information for 
Supercriticality 
The final eriticism of 
thut 


material 


be avoided proper 


contained 
eore might through 
dlistribute itself to form 
in 


critical mass, For 


should 


| 
le 


| 


th 


re 


| 


the large amount 


i 


uct 


coli 


nore 


it the « 


lik 


lerated 


latter 


luet re 
eriptio 

resol 
In mo 
it in 
on 


nee 


ietor 


imned b 


upon 


ol 


} 


ro cl 


(if at 


meltdown. 


t react 
fissie 
inst 


Th) 


itil 


tance i a 


t} 


eur 


Ho 


onal 


ely to 


reLor 


nh 


MmnCcesS 


Ire 


re 


t 


ind 


eithel! 


or 


uper 


1] 


the 


enriched material in the EF FBR were 


assembled in 


rounded by a good 
the resulting mass 


critical, 


a solid ball 


This hazard is distinct! 


istic Of fast reactor 
fuel is always more 
1299 enrichment 


In fa 
the geometric disper 


lower | 
of aw moderator 

cooling purposes pre 
from being supercritical 
it 
fuel 


son 
thie 


assemble in one 


Is CRA ntial to 
fust 
large 


Im tt 


situation 
ult if the core 
melt during a seve 
The fact that a 


in the core of | 


Such a 
re of the 


re 


oceur 
lead to concern for the 
reactors in this respect 


Two important aspe 


partial 
BR 


l¢ 


/ 


t 


incident argue against t! 


the 


when 


meltade 
the 


Virst 
curred 
ately used in an unsaf 
positive temperature 


A full-seale 


powell 


rencetor 


not have a positive temp 


eient and would be 


operation unde 


cumstances’? would be 


l 


Second, the EBR-I me 


the 
Boiling 


result in 


mass, sodium 


the core is believed to 
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formation 


vould 


| 


meltdown did 


i 


neutron 


Therm 


clilute 


na 


ly l 


i char 
il re 


ad beeat 


I (4 


tv of a 


then 
reflector 


iT 


time 


ite! 


vet 


int 


mig 


ll fa 


1 erty 


entrappe 


d 


reactor 


ident 


Oh 


t 


t 


thi 
Ap 


Iranium in the 


molten uranium apart, preventing 


formation of a critical mass 


the melting ol 
ol 


parenti 
which ¢ 


to a 


sodium 
lead 
tends 


presence ih Vapor 
not 


hut 


ize, doer supercritical 


issembly instead to shut 
down the reactor, 

The 
associated with a meltdown arises from 


in the EBR-I 
far a 


most serious potential hazard 


not 
At the 


Conese rned 


& situation present 
moment 


the 


incident 


ilety 


is 
lust-reacto! 
the 


is 
concept’s biggest 
bility that a 


might occur 


Wor I PORSs! 


supercritical meltdow! 
following the loss of the 
if the reactor 
with the 


ol coolant 


sodium coolant Kiven 


were immediately shut down 
ilet 

the fi 
melt the 


there 


the absen ( 
afterheut 


rods, in 


ssion-product would 


since 


to 


core in a lew minute 


would be no sodium 


the 


Vapor 


exert pressure molten core would 
and might form 


of the 


eoll Lp se under gravity 


i critical mass in the bottom 
itor container 

Dr. Bethe and Dr. Tait of the British 
Atomic Research LEstablishment at 
Harwell, have made rough upper-limit 
calculations of the energy that might be 


The 


most realistic value obtained so far is 


re 


released by such an accident. 
i total energy release equal to 1,000 Ib 
of TNT Although Bethe points out 
that this 
estimate, 
has 
more information. 


e program 


figure may be a gross over 
the magnitude of this result 


timulated a large effort to obtain 


AKC has initiated a comprehen 
ut 
at a basic understanding of melt 
p 

In addition APDA has asked Nucleat 
\letals, Inc \luss., to do 
experiments similar to those planned by 
ANL and has also undertaken further 


theoretical studies 


Argonne designed to 
irrive 
(sec 


aown phenomena, 67 


Cambridge 


Vleanwhile fast-reactor designers 
hard to 


chances of sodium-coolant los 


“ure 
the 


ure 


trying very minimize 


ind 
ilso building in features to prevent a 
nuclear event if a coolant-loss melt 
down should occur 


In the EFFBR 
i! 


ment 1s provided around all 


secondary contain 


primary 
coolant-svstem and vessels 


piping SO 
that a leak in the primary system can 


ent of loss of pumping power the 


iot cause excessive loss of sodium 
the ey 
lf illows sufficient natural-con vec 


the heat \ 


reservoll of sodium nbove the core 


cooling for decay 


tion 
| iryge 
ippreciably increases the time required 


or a leak to drain the Other 


design provision illow for direct 


emergency action to restore cooling 
somehow the core were to be completely 
Irained 


down « special meltdown container has 


limit the consequence of a melt- 
been built into the lower sodium ple- 
num. Ifa meltdown should oecur the 
molten fuel is expected to collect in the 
in @ geometry 
that 


the 


container noncritical 
However, there is some concern 
the molten fuel might refreeze in 
coolant channels in the blanket region 
beneath the core and never reach the 


meitdownh container Depending on 
results of additional analysis PRD¢ 
may abandon the lower blanket in the 
interests of salety 


In 


reactor safety is most likely 


summary, the question of fast- 
one that 


can be eliminated by proper design 


WI 


iat constitutes proper design, how 


is not yet completely understood 
Outlook 
We 


stand today 


that things 


the feasibility of the fust 


may conclude us 
reactor concept as a basic power pro- 
suffers from both technical and 
difficulties. Hopefully, the 


purely technical problems may quickly 


ducer 
economic 
be eluminated; the economic questions 
are likely to remain 

The combined efforts of the AEC and 
PRDC can be expected to demonstrate 


ho vevel 


in the near future that properly de- 
igned fast reactors are as safe to oper 
ute 


is thermal reactors. Also experi 


ence with the large sodium systems 
being constructed may prove be 

that the ol 
odium coolant is technically and even 
reach On the 


more doubtful that the 


now 


fore long industrial use 


economically within 


other hand, it is 


lust reactor ¢ the economi 


ol 


un e@ 


the ex 


scape 
penult 
Higher 


ind 1 


tra fuel reprocessin 


expenses for core fabrication 


iel inventory appear to be perma 
disady 
the fast 
idly 
ing ratio substantially 
Chu the 


duced 


nent economb intages 


In its favor reactor has the 


one fundamental intage of a breed 
greater than 1.0 
Pu 


exe eed 


value ol the extra pro 


by a fast breeder must 
of building and 
rif this kind of 


with thermal re 


the additional ¢ (pense 


perating a fast breec 
or is to compet 
the 
il power production. 
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AEC’s Fast-Reactor Program 


AEC at the PRDC 
Kenneth Davis, Director, 


KING FOR THI 
hearing, W 
Division of 
USAK( 


program 18 


teactor Development, 
testified that the fast-reactor 
the AEC’s 


velopment programs for 


one ol major 
eactor cle 
in power. The six major aspects 


of the program are outlined below 


EBR-| 
experimental Breeder Reactor-I will 
ult with a new core, the Mark 


it can, by 


IIT, tl 
either to minimize or emphasize thermal 
of the fuel 
of the EBR-I under each of 
should 


was the cause of the 


modification, be used 


elements. Obser- 


conditions determine 
bowing 
prompt 
ent with 


positive temperature 
the Mark II 
s scheduled to begin operation 
Mark III core August 1957 


rature-coetficient and resonance- 


core, 


estigations will continue 
to December 1958 Plans are 
mide to install a Mark IV 


early 


t in 


eore 


ntaining plutonium in 1959 
1960 EBR-I may be 


ng facility 


converted into 
for reactor engineers 


rators 


EBR-II 
BR-II is a 

d design based upon experience 

from the EBR-I 
hermal power level of 62.5 Mw 

level of 
with the 300-Mw 
the EK BR-II 
erformance and more advanced 
The EBR-IL then is 
to provide the 


fast-breeder reactor of 
It will oper 
1) times the power 
Compared 

Th p Os has 
itures 
basis for the 


f full-seale 


reactors superior to 
In addition the program will 
nvestigations on ways to 
the reliability of large sodium 


Construction will start in 


957 and the 


reactor 18s to go 
June 1959 
Zero-Power Reactors 
ZPR-IIL is a fast zero-power reactor 
t National Reactor Testing Sta- 


It i 


conhgurations for sper ifie 


used to mock up 


tors 


\ eotnipre hie neive 
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series of experiments has been under- 
ZPR-III to the 
sign and magnitude of Doppler 
effect in a fast 
results indicate that. the Doppler effect 
is smaller than anticipated and there- 


determine 
the 
Preliminary 


taken on 


reactor 


fore could not have caused the positive 
temperature coefficient in EBR-I. 
ZPR-III is also used to furnish specific 
nuclear design data for EBR-IT and 
hFFBR 

ZPR-V, located 


coupled 


it Lemont, Illinois, 
is a fast-neutron-thermal- 
neutron assembly that is being used to 
explore the feasibility of this concept 
About 95% of the 


ire caused by fast 


for a power reactor 

fissions in the reactor 
central region of the 
The 
thermal neutrons in the 
The 
varied by 


neutrons in thi 


two-region core remaining 5% 
ure caused by 
outer-core region reactivity olf 
isnt mb Is 


thermals 


the entire con 


trolling the 


LAMPRE 
The Los 

Reactor 

determine the feasibility 

fust that 


plutonium fuel 


Alamos Molten 


Experiment is an 


Plutonium 
effort to 
of building a 


power reactor would use 


in molten form Such 


a reactor would be free of the reproe 


and fabrication problems con 


The 


HMnprove 


essing 
use ol 


heat 


nected with solid fuels 
molten fuels should also 
transier pertormances 

As presentl 
will be divided 


construction 


planned the 


into three 


program 
phases the 
short-term 


design and 


operation of an experimental reactor 


LAMPRE-I; the 


and 


lesign, construction 


longer-term operation of a larger 


and more advanced reactor ¢ xperiment 


LAMPRE-II; and possibly 


inc 


the design 
construction operation of an 


electrical powel! producing reactor, 
LAMPRE-III 
LAMPRE-I will Mw 


bye odium-cooled A low 


operate at | 
and will 


melting-point plutonium alloy wall be 
contained in molten form in the 
tubes The re 


105s 


Spaces 
between the cooling 
actor should be critical in late 


Reactor Meltdown 


Argonm National Laboratory, is 


making al fort to provide more in 


the 
obec r- 


meltdown im 
sodium Detailed 
the Mark II 
basis for a 
the 
reconstruct the 
the EBR-I 


ANL is planning experiments to ob- 


formation on 4a 
presence ol 
vation of core has 
the 


issued in 


pro 
report to be 
that 


events in 


vided 


near future will 


seque nee of 


meltdown In addition 


serve the dropping 


consequences ol 


molten uranium into liquid sodium 


Preliminary data will be available 


July 1957 

A joint program between Los Alamos 
Scientifi 
National 
lished to do a 


analysis of the 


Laboratory ind) Argonne 


Laboratory has been estab 


thorough theoretical 
maximum eredible 
accident that could result from a melt 
down tesults good to within an order 


of magnitude are expected within a 
yenur 


ANI 


struction of a 


Finally his proposed the con 


nuclear meltdown facil 


ity to determine precisely the mechan 
meltdown for 
fuel elements. The facilit 

located at National Reactor 
Station and tuke 


IS months to build 


ics of speciic types of 
would be 
Testing 


would in estimated 


Reactor Containment 


Various organizations are pursuing 
with the A he 


experiment on 


under contracts caleu- 
reactor 


In ihnves 


lations and 
contamment Naval Ordnanes 
ratory at White Oak, Maryland 


general problem of ack 
both 


tigating the 
eontamment tor thermal 


faust 


quats 


inal reactors of commercial siz 
NOL, is using the design specifications 
of the EFFBR (see p. 68) for 
its work 


Further 


much of 


earch Lab 


ing Ground 


the Ballistics Re 
Aberdeen Prov 


is determining the important 


oratory ol 
design 
containment vessels from 
blast and shock 
Research Foun 
shock-wave 
to design 
blast shields for reactors Finally Oak 
National Laboratory is studying 
istics of 


eriterim for 
the poimt of view of 
phenomena Armour 
dation is investigating 
characteristics in an effort 
tidge 
the distribution and characte 
which 


seriou nucle 


fission produc ts 


leased in i reactor 


power © 
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FIG. 1. 
shows reactor 
and primary-shield tank 


Perspective drawing 


in reactor vessel 


Cask-caor 
tracks 


! 
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Enrico Fermi Reactor 


Design of First Fast Breeder 


~ Control drive~ 
shoft extension 
r Coolant outlet 


Hold-down 
drive shoft 


Hold-down plate 


Core 
Rodiol blanket 
Coolant inlets 
Reactor vessel 
"Thermal shield 


Primary 
shield tank 





Support plates 


Neutron economy is the big advantage in this first full-scale 


power plant of its type. 


Flexibility will permit development 


toward reliable operation for practical power production 


Breeder 


100) Viw 


THe Enrico Ferra Fast 
Reactor is designed to generate 
of heat 
00 Mw of electric 


with 27%-enriched uranium and 


and deliver a net output of 


powel It l fueled 


breed plutonium with a breeding ratio 


of 20. Heat i 


reactor to steam plant by primary and 


transferred from 


secondary sodium coolant circuit 


Steam is developed at 755° F and 
600 psig. The 


significant characteristic 


table on p. 70 list 
of the variou 
parts of the power plant. The 
~3O0 


plant 


outhwest 
| LK¢ 


mile fron Toledo 


is located miles 
Detroit at 


on 
and ™25 


Lagoona Beach on 


Merie 
(NU, Sept. 56, p. R3 
68 


Core and Blanket 


The core and blanket configura 


tion can be seen in Fig ] which 


1 perspective view of the reactor 
Core and blanket 


Ing square 


subassemblie hay 
cross section ure il 
ranged to form a right circular cylinder 


SO in. in diameter and 70 in. high 


The core is surrounded 


by) fertile 


( omplete! 


material. There are four 
types of subassemblies containing dif 


All external 


Sarre but 


ferent nuclear materials 
limensions are the inter 
making 
The 


subassemblies 


hangeability is eliminated by 


their support structures different 
and 


numbers types of 


ire as follows 


Steel 
Boron-loaded 
rods 
igure 4 shows the 
of the assembly rhe 


trol rods will be in the 


irrangement 
two shim con- 
core during 
operation Kight other rods are safety 
rods (Fig. 3). They 
ibove the blanket 


ind their places in the core will be 


will be suspended 
during operation 
filled with sodium 

flows upward 
this 


The sodium coolant 
through the 


flo 90% is 


subassemblies Of 


directed through core 
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ssemblies, 7% through the radial Radial-blanket pins consist of stain- limits the maximum blanket tempera 

lanket, and 2% past control rods. less-steel tubes, each containing eight ture to 1,200 | Furthermore the 

ing 1% of the flow is re- slugs of uranium, sodium for bonding, radial blanket is designed for maxi- 

or thermal-shield cooling and and 5 in. of space for growth of the mum power conditions rather than 

uranium. Stainless-steel wire wrapped the reference design condition for 

in spirals around the tubes maintains which the core is designed If the 

Subassemblies the spacing of the pins power is increased, the core will be 
Core subassemblies consist of upper From the extrusion and swaging replaced, but the blanket will not 

ywer axial-blanket assemblies, operation come pins 12 ft or more in Positioning. Subassemblies are held 

IS in. long, and a 3l-in. fuel length. These are cut into 30.5-in n position by the support plates and 

between them (Fig. 4) The sections that are pointed by swaging the hold-down plate shown in Fig. 1 

ction holds 144 pins. Each is at one end and sealed at the other by The hold-down plate has a recessed 

by coextruding sponge zir- welding on a preformed zirconium knob for the handling head of each 

ind 10 wt-% U-Mo fuel alloy. cap. The final step is heat treatment subassembly As the plate is lowered 

illurgical bond between fuel and to promote radiation stability into position, pressure on the handling 

is formed in the extrusion head forees the subassembly down and 

Performance compresses the spring at the bottom 


Final dimensions are ob- 
cold swaging with inter- One design criterion is that the frel of the subassemb!l Fig. 4 Phu 
inneals alloy shall not exceed its melting the hold-down plate holds the sub 
Axial-blanket elementshaveuranium point of 2,066 i even during an assembly against the force exerted 
stainless-steel tubes. Sodium accidental excursion. This limits the by coolant flow, and the compressed 

the intervening space and provides value of steady-state fuel temperature = spring holds it against the plate 
)w-resistance thermal bond. Allow- to a maximum of 1,300° | Dimen- 

made for increase in the length sional irreversibilit of alpha-beta Handling Subassemblies 

uranium due to thermal cycling phase transformations in unalloyed Refueling and transfer of radial 


diation damage uranium caused by thermal cycling blanket subassemblies are accomplished 


Pa 


we ee eee + 


Spring 


Thermot 
boffies 


SSR R RARE RARE REE 


Upper shel! 





Retaining spring 


Pressure washer 


Lt 2-o237 L111 
At ght H1 : 
++468I2R _—-Rototing plug + shield 


Thermal Poison tube 


— i. eae —— Lower shel 
support 

for hold- down 
assembly 


alignment guide 


Dosh ram 


@ Shimroa [2] Possible fuel storage 

© Sofety rod (CJ Thermot shield 

[2] Fuel subossemblies HB Thermot shielding surveillance tubes 
[_] Rodial bionket 


FIG. 2. Reactor configuration is made up cof 4 kinds of subassemblies having FIG. 3. Control rod: dash ram, poison 
same outside dimensions, different fittings and loadings section, extension rod, and pickup head 
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Characteristics of the Enrico Fermi Fast Breeder 


Over-All 


Power 


Thermal (00 Mw 


Mleetric (gros 100 My 
(net 00 Mw 

Critical mass, | ik5 ke 
Breeding ratio 1.20 
Primary and 

secondary coolant 
Temperature coefficient 

(Ak/k/° C 


Core 

Length 
Diameter 
Volume 
Specific power 


Composition (vol 


Mo, mM 
Na 
Fuel subassemblic 
Pins per assembly 
Fuel cladding 
Max fuel temperature 


Blanket 


Radial section 

Inside diameter 

Outside diameter 

Length 

Volume 

Pin dimensions 
O.D. (elad 0.443 in 
Uranium diameter 0.415 in 


Na bond thickness 


O.004 in 
Composition (vol 
I 248 
Na 


Stainless steel 


Arial section 
Diameter 
Length 
Volume 


Composition (vol 


[248 
Na 


Stainless steel 


Control 
Ak requirements (dollar 
Max excess reactivity 
Variable reactivity 
plied by control 


*A dollar is that amour 
tivity that would make the 
critical For the Enrico Fert 
dollar = 0.75% 


Safety rods 
Number 
teactivity /rod 
Poison length 
tod cross section 
We ight each rod 
Max run-in 
“cram rate 


temoval time (8 rods 


Shim control rod 
" 
yumm be I 


Reactivity (both 


Physics 

Average effective core 
flux 

Average core neutron 


energy 


4 
$1.00 
3d 1D 
4 in.’ 
50 Ib 
$0.75 
$25 /sec 


27 min 


y 4 


$0.92 


} 


Prompt-neutron lifetime 0.2 psec 


Max /average core power 


Axial variation 
tadial variation 
()ver-all 

Blanket power total 


power! 


Vessels 


Reactor vessel 


Material 
Height 

Max diameter 
Max thickness 
lumpty weight 


Primary shield tank 
Material 


Height 
Max diameter 
lurmpty weight 


Containment ve 


Material 


He ight 
Inside diameter 
Max thickness 


Primary coolant system 


otal weight of sodium 


580,000 Ib 


ASTM A-285 
GirC carbon 
teel 

$4 it 

24 it 


178.000 Ib 


ASTM A-201 
(ar B carbon 
steel 

120 ft 
it 


1.06 in 


274.000 Ib 


Temperatures at intermediate 


changer 
Inlet 
tiet 


otal flow 


®ib/hi 
30,000 gpm at 


pump temperature 


Total pressure drop 


Piping 

Material 

Diameter pump sys- 
tem T 

Wall thickness 


system 


pump 


Design pressure 
Design temperature 
Average fluid velocity 


pump svstem 


Secondary coolant system 


Total weight of sodium 


92 psi 


304 stainless 


steel 
30 in 


%¢ in 


125 psig 
1,000° } 


1.8 ft/sec 


111,000 Ib 


Temperatures at intermediate heat ex- 


changer 
Inlet 
(putiet 


lot il flow 
lotal pressure drop 


Piping 
Material 


Diameter 

Wall thickness 
Design pressure 
Design temperature 


Average fluid velocity 


Steam power-generating 


Material (tubes 
headers, shell 
steam generating 
capacity 
Steam pressure 
Steam temperature 
Feedwater temperature 
entering 
Heat transfer (Btu/hr 
Total 
Superheater 
Heat flux (Btu /hr/ft? 
Feed heater 
Ist evaporating section 
2nd evaporating 
section 
Superheater 
Log mean te mperature d 
Feed heater 
aporating section 
evaporating 
ection 


iperheater 


Pump-to-reactor pi 


pipes for 100% flow 


flow, and 6-in. pipes 


304 stainless 
steel 

16 in 

+s 1D 

00 psig 

1,000° 

1s fps 


systems 


304 stainless 


steel 


339,000 lb/hr 
600 psig 
755° | 


{9.100 
27,000 


161 000 
15,400 
ifference 
st) 


104 


206 
‘1.4 


ng system has 
14-in. pipes for 
for 10% flow 
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4. Core subassembly has fuel pins at center and axial blanket pins at each end 


hutdown by means of re- 
operated equipment that can 
n Fig. 1. Shutdown time for 
iding will require 10-20 hr/wk. 
eactor will be 
gntl or 


charged weekly 


monthly, depending 
actual 


anket 


lysis of 
I 


?] 
7 
inved 


operating eco- 
subassemblies will 
frequently and = in 
i bout ISO 
otation of the 


uit the 


shield 
ol the 


hance ling 


rotating 
central axis 
in | ot the offset 


m about its own axis will 


he gripper of the handling 
m over an ubassembly in 
tor The 


in empt 


ubassembly is then 
wot in the rotor 

cooling period the finned 
pulled 
cask 


shown In 


its subassembly is 


the exit pipe into a 


iis on the tracks 
isk cur replaces the 


removes from the transfer 
fresh sub- 


The 


transferred 


others that earry 


from plant storage 


mblies are then 


rotor to the proper position 


rv blanket 


rotor provides storage 


odium during the period 


te ifter removal from the 


will remain 


Subassemblies 
tor between transfer periods 
made for storage of 


i180 
assemblies in the outer 
lanket as shown in 
eur has its own 
stem to remove 


finned when the 


pots 


fted from the rotor 
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The steps required in a complete 
loading cycle are as follows 

1. Reduce power to zero 

2. Reduce sodium flow 

3. Detach control rods 

4. Raise hold-down device 

5. Raise control-rod actuators 

6. Lift a 
transfer rotor up into the cask car 

7. Replace the subassembly that is 
removed with a fresh one 

8. Transfer a subassembly 
blanket 
position in the rotor 

9. Withdraw the 


nism and rotate the rotor to place the 


subassembly in storage in 


from the 


core or radial to the empty 


hi indling ne ha 


next fresh subassembly under the 


pickup grippers 
10. Transfer the 


reactor position 


fresh subassembly 


to the empt \ 


Coolant Flow 
Coolant flows into the 

14-in 

up through the square 


high-pressure 
plenum through three nozzles at 
110 psi. It flows 
support structure to the 
ind the first 

More cool 


int is supplied at 20 psi through three 


opening in the 
ith the 


subassemblie core 


row of the radial blanket 
support-structure 


f-in. nozzles to the 


manifold and flows up through thermal- 
shielding and radial-blanket assemblies 

A removable orifice in the lower sup 
port plate will maintain proper flow in 
tube thermal! 
added to 


desirable 


guile and 


Orifice 


control-rod 
ean he 


inlets uf 


shielding 
fuel-subassemb! 
Primary coolant will be kept as free 
as possible of foreign particles, includ 
tart-up the 


ilters 


ing sodium oxide sefore 


sodium will be bypassed through 


In operation some of it will be bypassed 
through a cold trap for oxide removal 

The oxide concentration will be well 
below the saturation point at the sys 
tem’s lowest temperature, [ven if a 
deposit were to occur, it would not be 
in the fuel-element channels but rather 
in the intermediate heat exchanger or 
in the inlet piping 

It is possible that during operation 
parts of the primary-system loop will 
The bypas 


contains a 


cold-trap circuit 
filter, wall 


erode 
which remove 


COTTOSION p irticle 


Control 


) 


In lig 2 can be seen the position ol 


shim rods 
The safety 
withdrawn during 


to shut 


eight safety rods and two 


that 


rods will be entirely 


control the reactor 


operation and will serve only 


the reactor down quickly and hold it 


well below critical during shutdown 


The shim rods will control power level 
Safety rods. Figure 3 shows one 
of the 


four sections: dashpot ram, poison se 


sulety rods which consists of 


tion, extension rod, and pickup head 
When it is picked up, a sleeve extend- 
ing down from the pickup mechanism 
vill compress the accelerating spring, 
and then the mechanism will grab the 
pickup head by 
magnet-operated latch 


means of an electro 
Failure of the 
allows the rod to be 


magnet current 


released, and it is accelerated into the 
shutdown position by the spring 

The poison has the length of the core 
linders of boron 
which 


a reaction 


ind consists of hollow 
carbide enriched in B' has a 


high cross section for an 7 
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FIG. 5. Shim rod has 7 steel-lined 
coolant channels through boron carbide 


with fast neutron \ 

less-steel tube inside the 
boron carbide conducts sodium cc 
Its pores permit sodium to pa 
the boron carbide for good 


bonding, permit helium forme: 


Transfer tunnel 


Secondory shield. 


Sodium pump _ 


> 


intermediote heat 
excho 


Py ea Core 

[—_.} Blanket 

Z) Stoiniess-stee! thermo! shieid 
GER Primary coolant 





passages 


0.032 stainless 


ther 


n,a@ reaction to escape into the sodium 
tream, but do not allow passage of any 
of the boron carbide 

The safety rods have three types of 
ertical motion a) Motor drive by a 


i-phase reversible induction motor 
through a rack and pinion will raise 
ind lower the rods at 2 in./min. b 
Controlled rundown of drive shaft and 
rod under the influence of gravity will 
lower the rods at 2.5 in./sec. The 
/ 


lrive motor is disconnected from its 


gearing by a magnetic clutch, and a 
centrifugal brake 


limits the rundown speed ( 


geared to the rack 


Spring 
utivated acceleration into the core at 
in average velocity of 100 in./see o 
curs when a scram signal is received 


Shim rods. 


the shim rods shown in Fig. 5 


Three sections make up 
poison 
ection, extension rod, and pickup head 
live holes parallel to the axi 


ith porous stainless steel pa 


ind lined 
sodium 
oolant as in the safety rods. The 
him rods have only one ty pe of motion, 
1 motor drive through a rack and 
inion at a rate of & in./min 
Auxiliary safety control. 


ilety is not operation il during reload 


Primary 


ing, for all control rods are disconnected 


ind inserted fully into the core. To 


make insertion of excess reactivity in 
the form of fuel impossible, a quick re 
erse is provided in the subassembly 
handling mechanism Two 200-curi 
neutron 


intimony-beryllium source 


__-~ Sodium storage 


Biological shield 


_ Steel containment 
bldg 


~~ Primary shield. 





@ Secondary covlont 
£3 Borated graphite 
( Borax (sodiumpipe shield ) 
GEE Steel gammo-ray shield 





FIG. 6. Shielding is arranged to divide reactor into three compartments 
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provide neutrons to ensure that the 
safety instrumentation is always oper- 
ative. The 10-in.-long sources will be 
in the shim-rod guide tubes just below 


the center ol the core 


Shielding 


The following design criteria have 


peen idopted for shielding 


1. Biological shielding limits the 
lose rate to personnel to 46 of that 
illowed in AEC installations for 40-hr 
Vi xposure The AEC-allowed rate 
300 mr/wk 
2. Areas that are not open to people 
which the secondary coolant 


be prevented from activating 


equipment are shielded to reduce the 
neutron flux to 10* n/em?/se« 
3. Through its life the reactor 


vesse| 


bn exposed to no more than 


a em This 


neutron flu 


limits the high- 


to 3 X 10 Nn 


t heating and loss of 
vater in concrete shields, temperatures 
of conerete will be kept below 200 | 
ind the incident flux of neutrons and 
gammas on concrete surfaces will be 
kept below 4 * 10'® Mev/cm?/see 

Figure 6 indicates the layout of the 
hielding. It can be generally divided 
into the primary shield in the primary 
hield tank, the 
hield around the primary shield tank, 
ind the biological shield that 


ind surrounds the 


sant ondary concrete 
forms 
the operating floor 


ntainment vesse 


Containment Vessel 


The steel reactor building or con 


tuinment vessel is designed to contain 
ill radioactive fission products or radio- 
wtive sodium released by any incident 
It is a 


pherical top and ellipsoidal bottom 


vertical cylinder with hemi- 


Inside diameter is 72 ft, and over-all 
height is 120 ft Walls will be 144 6 in 
of ASTM A-201 Firebox-quality Grad 
B tee] 


Design conditions are as 


Stead stute pressu 
Positive 
\ 


32 psig 
Vegative ” 


steel temperature 650° | 


Personnel access through an air 

ck with interlocks to prevent simul- 
taneous opening of its doors. There is 
ilso a small emergency air lock 
Equipment passes through a larger 
door interlocked to prevent opening 


during operation or loading 
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Shielding 
plug. 
s 


Leod , 
shield | 























/ 


‘ 
“Removol 
tool 





Yih 


LLL 











FIG. 1. 


Spool inlet 


piece 








Test specimen 
Flow chonnel a 
Test-sample tube 


We 
LS 
’ 

| 


Outlet 
J 


In-pile section of test loop is shown along with removal tool and discharge cask 


60 gpm of reactor-grade water at 1,500 psi and 500° F 


flow past test samples in a thermal flux of 2.5 


10'' n/cm’*/sec 


in Argonne's loop for in-pile testing of reactor materials 


By EMIL L. MARTINEC 


lrgonne 


effect ol 
radiation upon fuel elements and struc- 
by 


radiating those materials under condi 


\I EANINGFUL the 


rEsTs Ol 


tural materials can only be made 


that approximate those encoun 


Argonne 


wtual reactor operation 


these conditions the 


Laboratory has constructed a 
ire water loop in the Mate 
ting Reactor 
onne high-pressure water 
nas ANL-2, was 
the Reactor 
ider the leade rship of L. W. 
ind H. Monson. It was first 
in the early part of 1954 and 


»perating since that time. 


designed by 


engineering 


! 


gy of a fuel specimen under 


n the ANL-2 water loop is 
w element prototype 


the specimens have 


ed satisfactory in all aspects 
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National Laboratory. Ls 


mond, Tilinon 


s| he 
of the in-pile proof test will indicate 


during out-of-pile tests results 


whether the pecimen is satistactory tor 
i fuel-element design 


The method of testing fuel-element 


ind structural materials in a high-pres 
sure, high-temperature water loop and 
under irradiation and simulated normal 
one of the best 


Fuel-element 


operating condition 
have 
prototy yp 


dats 


which 


ve used to 


design have been 


satisfactorily tested in our high-pressure 


water loop ire no being used in our 


present reactor truction 


Design Considerations 

Among the problems to be considered 
in the de 
loop are gamma heating and radiation 
thi the 


wn of a high pressure water 


damage of in-pile portion of 


loop. The thermal stresses caused by 


the high gamma heat require rigid de 


sign analysis Radiation damage to 
the tube material also requires careful 
tadiation exposure can 
brittle 

In 


cases the combination of gamma heat 


examination 
cause materials to become and 


lower their tensile strength sorne 


ing and radiation damage can cause a 
ize Of the in-pile 
that il 


designer to reduce the 


portion consider thi bn low 


lowed by the reactor facilit 
Another major proble min designing 


the test loop is to pro we wlequats 


tutomati 
ind if} the ‘ 


controls to oper ite the loop 
cally 


emergene 


vent an 
The 


control design 


both normal! 
condition should arise 
optimum in automatse 
for test loops would be an installation 
of a sequence timer that would have 
complete control of normal loop oper 
ation, requiring onl one person to 
punch the start button 


Since the loop flow rate w » be 
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10-80 gpm, a flow of 60 gpm was used 
as a design basis for obtaining the nec 

sary water velocity past the test 
The 
design of the specimens and 
holders If a 
not give the desired velocit 


Sper 
it i 


mens velocit 
specimen 
| 


particular design doe 
the des 


ti 
light vari 


A flow 


maimmtained to allow 


is usually altered 
ations in the flow can be made 
rate of 60 gpm | 
for a decrease in the flow due to corro 
sion-product buildup and also to main 
tain adequate cooling at the tip of the 
in-pile portion of the loop 

The test 


eylindrical or rectangular in cross 


specimens ean be either 


tion. Specimen holders can be de 
signed to accomodate either type with 
the only limit on size being that the free 
area should be sufficient to permit ade 
quate water flow. The length of the 
specimens is limited by the fall off of 
flux along the centerline of the speci 
This length i held to 
~15 in. to excessive flux 
differential 


The maximum 


men. usuall 


avoid an 
rute of heat wener 
ation that can be permitted in all speci 
mens within the in-pile portion of the 
100 kw (this includes both 
gamma and fission heating Actuall 


the rate of heat generation rarely ex 


loop Is 


ceeds 5O kw in any experiment, since 
it is difficult to obtain much more than 
this rate from the number of 
that can be fitted into a 
holder. A calculated heat-transfer rate 
of ™~500,000 btu/hr/ ft? is considered 


more than adequate for the prey 


peciten 


ingle pecimen 


iiling 


heat-transfer condition which are 
limited by the loop water pump capac 
ity, the maximum tem pressure, and 


the available heat-transfe urface 


FUNCTIONAL DESCRIPTION 
The 


loop was built to circulate water at a 


Argonne high-pressure wate 


pressure of 1,500 psi and 
of 500° F 
One, the test sample 


i temperature 


past two sets of sample 

located in a 
tube mounted in horizontal beam hol 
HB-2 of the MTR Phe 
control sample, is located in an external 
The HB-2 horizontal beam hole 
extends through the reactor tank to 
it the hor 

ind has a 


neutron flux 


other the 
tube. 


within 2 in, of the core face 
zontal centerline of the core 
maximum thermal! 
2.5 <* 10"* n/em ( The 


sample receives the same eny 


control 
ironment 
as the test sample except for exposure 
to the neutron and gamma flux Vhe 
circulating water flows past both san 
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ce pu nds on the 


ples, first through the in-pile tube and 


then through the external tube The 


entire loop is constructed of 300 series 
stainless steels to minimize the effects 
ol corrosion 

The equipment required to maintain 
circulation in the loop at the desired 
operating conditions is located within a 
cubicle in the basement of the reactor 
building to minimize the radiation haz 
rd, A brief functional description of 
the components of the loop and the 


operating equipment follows 


Test-Sample Tube 

The test-sample tube (see Fig. | 
holds the specimen in the reactor flux 
The test sample is mounted in a speci 
men holder and the holder is positioned 
in the reactor-core end of a rectangular 
tube that 
center of the 


test-section runs down the 


cylindrical test-sample 
tube. The cooling water flows in to- 
ward the reactor core through the test- 
ection tube, past the specimen in the 
end of the test-sample tube, is reversed 
in direction by a hemispherical cap at 
the tip of the test-sample tube, and 
returns through the annulus between 
the test-section tube and the test-sam 
ple tube 

The maximum operating pressure for 
the test-sample tube is limited by the 
total stress in the tube wall produced 
by the internal pressure of the water 
and the 
vall. The eritical portion of the tube 


gamma heating of the tube 
is the hemispherical cap for gamma 
The tube 


tip was designed to permit operation at 


heating is greatest there 


vater conditions of 1,500 psi and 
100° Ff with a maximum gamma heating 
of 1] 


of a reactor, the high value for gamma 


watt/gm In the construction 


heating is cut down by thermal shields 
vhich are placed adjacent to the core 
to reduce the gamma heating in the 


oad or pressure bearing members of 


the reactor In the water loop, how- 
ever, it is not feasible to put thermal 
hield tube 


DeCCHUSEe they 


around the test-sample 
would reduce the flux in 
the test samples 

An exhaustive stress analysis* was 
made of the tube-tip design to insure 
that the design adequately conformed 
to the requirements of the ASME and 
ASA The 


that the maximum membrane stress at 


codes analysis indicated 


in internal pressure and temperature of 


*L. W Design Evaluation of 
In-Reactor Tube for Argonne Water Loop 
at MTR (ANL-2), ANL-5403 (1955 


Fromm, 


1 650 psi and H00° F are well below the 


illowable membrane stresses The 


sum of the membrane and thermal 


stresses at points ol maximum stress Is 
24.930 below the 


psi which Is well 


maximum allowable combined mem 
brane and bending stress of 25,575 psi 

sefore the maximum desirable loop 
operating conditions of 2,250 psi and 
§25° F 
ple tube 


new tube would probably be of smallet 


can be reached, a new test-sam 


must be designed Such a 
diameter and incorporate external cool 
ing A tube 
Argonne has 


last 


recently examined at 
subjected to a 
flux, 10*' neutron 


steel 


been 
greater than 


iny other stainless load-bearing 
that has 
The replacement for the present 
a fast flux 


exposure of approximately 2.0 * 10 


member been examined to 
date 
test-sample tube will have 
when it is placed in the loop in Sep- 


tember of this veut 


Control-Sample Tube 


which holds the 
identical to the test- 


The external tube 
control sample is 
sample tube, except that it is shorter in 
The 


tained in the same environment as the 


length control sumple is con- 


test sumple except for the neutron and 


gamma flux 


Specimen-Removal Tool 

When «a specimen is to be removed 
from the test-sample tube, the in-pile 
piping is isolated from the remainder of 
the system by 
The 


drained and blown out with air 


closing the isolation 
then 


The 


removed from the end of 


alves in-pile system Is 
blind flange is 
the test-sample tube, and a lead cask 

rolled up to it \ special tool (also 


shown in Fig, 2 


is used for removing 
This 
long and has a latching 
the end. The latching 


Incorporates a 


the specimen tool is 


matel 20 it 


approxl- 


mechanism ut 
means ol 


with the 


mechanism 


making positive contact 


specimen which cannot be withdrawn 
from the tube unless the latching mech- 
After the 


into the cask 


inism has locked on it 


pecimen is withdrawn 
the tool is removed, and plugs are then 
of the cask 


specimen is will 


nserted into the end 
The out 
drawn with the same type of tool except 


that this tool is onl L it 


f-pile 


long. The 
out-ol-pile specimens are not as radio 
wtive as those in the test-sample tule 
ind therefore can be withdrawn into a 
length of pipe instead of a lead cask 


The out-of-pile specimens have not 
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rradiated, the only activity com- 
ng irom radioactive corrosion products 
vhich coat the element surface. 
rhe insertion of specimens in the 
tubes is accomplished in the reverse 

inner by using the same tools 
Pumps 

Che three water pumps (see Fig. 3 
ire used in the Argonne loop. The 


imps are oil-cooled canned-rotor 


pumps manufactured by Westinghouse 
Electric Corp. These pumps are set up 
n parallel with one normally operating 
ind the other two acting as standby 
pumps 

[wo standby pumps are provided to 
insure the safety of the equipment. If 
the stem included only one standby 
pump, the situation wherein the oper- 
iting pump failed would require lower- 
ing the operating temperature of the 
water because, if the temperature were 
not reduced under these conditions and 


the remaining pump should fail, boiling 


ould be initiated in the test-sample 
tube tip and the line heater section of 
the loop. Although upon failure of 
the remaining pump the reactor would 
be scrammed, enough residual heat 


juld remain to cause possible burnout 
onditions to exist. 
Che pumps are electrically intercon 


nected by a relay system that auto- 


matically produces a switchover from 


the normally operating pump to a 


tandby pump in the case of a pump 
failure or a low-flow condition. If for 
ome reason the first standby pump 


loes not start or resume normal flow, a 


tchover to the second pump is 


nitiated 
Heaters 
Clamped to the surface of an espe- 


machined section of the loop are 


i hell-type electrical heaters 
These heaters can furnish up to 30 kw 
Although there 
56 | ivailable, the heater output is 


30 kw 


eat to the system 


ted te to maintain reserve 
in the event of the loss of 


The heat 


1 controllable rate so 


or use 
tion of the line heaters 
e added at 
to maintain the desired circulating 
its temperature The clamp on 


e heater was preferred to the immer 


type because contamination due 

n the immersion heater would 

t be desirable An additional line 
ter section is included in the loop 


produce 24 kw of heat for 


taining the circulating water at an 
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elevated temperature during reactor 


shutdown periods 


Heat Exchanger 

A water-to-air heat exchanger is in 
stalled in the loop with ducting to the 
MTR stack. The 


incorporated as a safeguard since, under 


heat exchanger is 
normal circumstances, there is enough 
heat loss from the external piping of 
the loop to compensate for gamma heat- 
test 


ing of the sumple tube and the 


small amounts of heat generated in the 


heat 


specimens The exchanger Is 4 















u 


FIG. 2 


single-pass type consisting of type 347 


stainless-steel tubes in parallel, It has 
a heat-transfer area of 60 sq ft and a 
heat-removal capacity of ~100 kw. 


Four dampers ire provided to control 
flow 


Two main dampers are 


the exchange 
located at the 


the air through 
bottom and at the top of the exchanger 
and the 
duct which is pro 


with one in the stack ducting 


fourth in a bypa 
minimize the amount of air 
past the 


closed The 


vided to 
iin dampers when 
duct 


seepage 


they are bypass 


damper is alw open, except during 
in emergency cooldown, to vent the 
loop cubicle This type of exchanger 


was selected mainly because no pumps 


or blowers are required which might 
stop as a result of an electri al failure 
Surge Tank 

4 surge tank compensates for volume 


changes during heating or cooling of 


the system and provides and maintains 
the desired tem pressure The cast 
stainless-steel surge tank holds 10) 
gal of water It ha i diameter of 


and a wall thickne ol Ihe in 
with 


1 2.2.4) pri ita tem 


1244 ith 
The surge tank was designed to 


stand a pressure 


perature of 625° | rhe surge tank 
heaters are clamped to four pipe legs 
which extend from the sides of the tank 
ind re-enter at the bottom. The 
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heaters are of the same type as those 
rhis method 


Wits 


used for the line heaters 

of heating the surge-tank water 
provided because of the high thermal 
stresses encountered in attempting to 


heat the vessel itself 


lon Exchanger 
by pra s 


An ion exchanger type, is 
provided for the control of water purity 
in the loop \ 
lating water is diverted from the loop 
The 


revenerative 


portion ol the cireu 


to the ion exchanger resin bed 


Water passes through «a 


Sey 


- ¥ ~., : 


Removal tool latching onto test-specimen mock-up 


micro 


cooler, a water cooler, andl a 
metallic filter 
The 


down to a 


before entering the ion 


exchanger entering water is 


cooled temperature of 
90° F in order to prevent damage to 
ing the col 


the resin The water lea, 


umn passes through a micrometallic 
filter and the reheater before being re 
turned to the loop Conductivity cell 


ire placed before and after the ion 


exchanger column to measure it 


eflimency 


Degassifier 


\ by pass degussifier | provided lor 


controlling the concentration of di 
solved gases in the circulating water 
\ portion ol the water is taken from the 
loop and is fed into degassifier trays 
which are located in the 
tank The gas 
from the water by the 
of the 


vapor phase of 
the surge removed 
crubbing action 
steam as the water passes 


The 


degassed water is then returned to the 


through the degassifier traye 
circulating system through the pressure 
equalizing line from the tank to 


the system 


urge 


Filters, Relief Valves 
In addition to the ion 


exchanger 


there are a series of full-flow filters and 


parti le collectors which and in elimi 


nating foreign particle ind corrosion 
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Control-somple tube 


woter > 
Deminer alized 


Our 


products from the 

There are three f ' 
at the inlet to the pumy 
operating pump, an 
charge manifold 
tect the loop in the 
bearing failure 

The two partic ee 
stagnant legs in the 
precipitation ol 
occur 

There are four 
loop They “ure 
tank to provide protection 
event of a failure of tutomati 


trol circuit which go 


Test sompie tube 


lon cham bers i) 





Disolation 
valves 





ygenating 


t 


talled on the loop for deox 
the demineralized water before 


ulded to the loop The 


stem con 
ists of two resin beds and a conductiv 
ity cell. The first bed is a sulfite de 
oxygenating resin and the second bed 
is an MB-1 type ion exchange resin 
The condition of the ion exchange resin 
monitored by the conductivit 
cell The effectiveness of the deox 


yenating resin is checked periodically 


bed is 


by performing an oxygen analysis 
the makeup wate 
The makeup tanks holds 
ater and is steam heated, It ha 


~100 gal of 


ufficient capacity to fill the entire loop 


_-Gas return trom 
surge tank 


Pump A | 
[Filter 


[Poms C}-— 
| Filter) 








é.Throttie ‘ 
volve 








Steam 


woter flushing 


FIG. 3. 


Flow diagram of water loop 


on the test 


vide protection in 


ample tub 


portion of the tem 
the remainder of the 
is sufficient heat gene 
sample tube to cau 
sure, on the makeup 
protection in the ¢ 
the heater’s 


makeup 


contro 
pump to p 
pressures if the pump is operated 


the discharge valve 


Auxiliary Equipment 
The auxiliary equipm 
required to keep the 
comprise & makeup 
sampling system, an 
system, and a pur 
Makeup system 
tem is required to 1 
available for addition 
mineralized water 
makeup tank, wher 
300° F and then ceg 
off about 10% of 


oxygenating systen 
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Like , Degossifier 


j 
heoter/ | line 
, lon 


To surge exchange 


Tonk 


with degassed water he steam from 
degassing the makeup water is used for 
team flushing prior to filling the loop 
to eliminate as-much air as possible 
from the system 
rhe makeup water is injected int 
the system by a small Milton Roy Co 
yressure 


piston-type pump 


pump is capable of del ering 210 
gpm of water at 2,500 psi Phe pum 
also used to pressure-test the loop 
Water-sampling system. The sam 
pling system provides a place in which 
Irom 


Variou 


to obtain water sample 


points in the loop such as the pump 
inlet, test sample tube inlet urg 

bottom, ion exchanger column ‘ 
All of the sample lines whicl 


tain water over 200° F while the loop } 


will con 
nh operation run through a small cooler 
before entering a sample station An 

} 


test or measurements whi ire per 


formed in the sample station must he 
lone at atmospheric condition If 
high-pressure and -temperature 

les are desired, they are taken 


pect high-pressure imp! 


Water is circulated through the bomb 
by using the differential pressure ob- 
tained from sample points at the pump 
iction and discharge 
Emergency 


cooling system. Pro- 


visions are made in the loop for the 
witchover to process-water circulation 
in the event that normal circulation of 
vater through the loop is stopped. 
Water flow past the test sample is re- 
quired at all times when the reactor is 
it power to prevent burnout of the 
tube. The 
vater is the water that flows through 


imple and the process 


the active lattice and other parts ol the 


reactor that require water cooling. 
Since process water is not of very high 


purity, it would be used only in an 


emergency, for it may have undesirable 
effects upon the sample being tested 
ind would accelerate the process of 
corrosion in the tube. The switchover 
to process water must be performed 
shut down. The 


witchover is made by closing the isola- 


while the reactor i 
tion valves, which isolate the in-pile 
portion from the remainder of the loop, 
ind opening the process water entry 
ind return valves. The process-water 


flow is automatically controlled by an 


uir-operated valve which is controlled 
from the loop panel board 

Pump cooling system. A cooling-oil 

stem provides the necessary coolant 
for the three water pumps. There are 
two oil pumps in the system, one oper- 
iting and one standby The pumps 
ire electrically interconnected by a re 


ii ystem which | 


automatically 
vitches from the 
imp to the standb 


normally operating 


pump in the event 


t pump lnilure or low flow condition 


Che oil flow return from the water 
np, enter i sma single pass cooler 


the heat is removed, and then 


ump. The oil pumps 


ipacity ol d0 gpm 
lter system has been 
e foreign particles 


Irom the oil 


Instrumentation 


rhe instrumentation of the loop was 
igned with three specific objectives 
in mind These objectives were to 
protect the reactor at all times from 
lamage, to control the loop as auto- 
matically as 
indication or recording of all necessary 
lata 

Che instrument 


possible, and to provide 


panels contain in 


truments for the control, measure- 


ent, and monitoring of pressure, tem- 
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flow, surge tank level, water 
ctivity and saturation 

Pressure control. The loop pressure 
ntained by the steam pressure 


The head 


s formed by the 24-kw electri- 


n the surge tank. 
iters which are strapped to the 
on the bottom of the surge 
Che pressure is controlled by a 
ressure controller and a General 


Reactrol The power to the 


eater measured by a recording 


vattmeter. The maximum power to 
heaters is limited to 20 kw for safety 
‘ The 


n the system is monitored by 


pressure in the surge 


ure gages 
yressure gages monitor the 
| the process water, deminer- 
and 


iter, flushing steam, 


vater There are six Barton 
rential pressure gages on the 
ird which measure the pressure 
filters 


le tube, control-sample tube, 


thie pulps, pump 


pecimens, and lon exchange filters. 
Temperature control. The loop 
is maintained by the line 
The 


if the electrical power to these 


perature 


iter section of the loop system, 


originates from a Brown poten- 


type indicator controller 
receives its input signal from an 
nstantan thermocouple at the 


The 


rature controller operates a Gen- 


f the line heater section. 
ectric Reactrol unit which con- 
the heater power. This system 


ntain the loop temperature 


little variation. A recording 


measures the power con- 


of the heaters 

litional 24-kw line heater sec- 
wen added to the loop to sup- 
the former heating capacity. 
litional capacity is manually 
vl can be turned on in two 
After these 


ive been turned on fine 


KW ee hy 
any 

in power requirements will 
modated by the Reactrol unit. 
wouples are located at all 
here it is considered necessary 
tor or record temperatures 
the thermocouples run to a 
wkboard, thereby making it 
to plug any desired thermocou- 

ther a Brown six-point tem- 
ecorder or a Brown 24-point 


heator 


irk General Ele« 
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The thermocouples monitoring the 
temperature of the test-sample tube tip 
are run to a_ twenty-four-position 
selector switch which enables the oper- 
ators to select any thermocouple and 


read its output on a potentiometer 
One thermocouple, the one reading the 
highest temperature, is connected to a 
single point temperature recorder so as 
to have a continuous record of the test- 
temperature, The 
recorder has a switch that is set at 
675° F so that, should the tube tip 


temperature rise to this value, a reactor 


sample tube tip 


scram will be initiated 
Flow control 
The circulation of water must be main 


and measurement. 


tained in the loop at all times to cool 
the test-sample tube tip. To maintain 
the required flow with some measure of 
The 


connected in parallel with 


safety, three pumps are prov ided 
pumps are 
two on 


one operating and the other 


standby The pumps are connected to 


the reactor failure-free power system to 
insure against loss of electrical power 
to the pumps 

The flow is controlled by a 
operated 2-in, Annin Co 


Since the 


hand- 
control 
stable 


vijust the valve 


flow 


valve. flow is fairly 
it 18 not necessary to 
opening very often during a cycle 
The flow is measured with an orifice 
plate and a Foxboro air-operated flow 
recorder (DP cells Iw 
initiated by the 
DP 


alarm 


oa operated 
pressure switches are 
same flow signal emitted by the 


cells 


and turns on the first 


One switch produces an 
tandby pump at 
low flow condition ind the other pro- 
duces a reactor scram at a very low flow 
condition 


When the loop j 


water, the flow is mea 


irculating process 
ired hy 
DP cell 


system ol proce vater flow 


another 
a he 


Mensur 


orifice plate and Foxboro 


ment, signal transmission, recording 


and alarm is the ime as for the main 
water flow except for the pressure rating 
of the DP cell 
Miscellaneous flow, the 
flow to the 


exchanger flow rate are 


cooling oil 
vater pumps, and the ion 
measured by 
rotometers rhe rotometer for the 
with an 


cooling oil flow equipped 


ilarm to signal low flow conditions and 
tandb 
Surge-tank level indication. 


indicated 


to switch over to the pump 
The 
and re 


surge tank level is 


corded on a Barton DP cell reeorder. 
The 
mitted by two 


tank 


signal to the recorder is trans- 
from the 


the high 


tubing runs 


surge The gnal to 


instrument comes trom a 


side of the 
standpipe which is the reference or cold 


leg. The reference leg is always at a 
constant level and is connected to the 
top of the surge tank Chis leg is also 
cooled to maintain the water at a con- 
stant density The signal to the low 
side of the instrume:.t comes from the 
surge tank and varies with the level of 
the water in the tank A slight corres 

tion must be made in the level readings 
to compensate for density differences 
between the reference and measuring 
legs due to temperature variation in 
the respective legs 

both 


points 


The liquid level recorder ha 
high and low level alarm set 
The high level alarm will automatically 
shut off the makeup pump in the event 
The 
low level alarm point is set to auto 
shut off the tank 


heaters to prevent their burning out or 


itis being used for filling the tank 


matically surge 
overheating during low level conditions 

Water 
is monitored by 
that 
outlet piping of the test-sample tube 


activity monitoring. Loop 


activity two small ion 


chambers encircle the inlet and 
The signals from the ion chambers are 
amplified by two special amplifiers and 
then chart re 


recorded by a circular 


corder, The recorder is equipped with 
an alarm point so that in the event of 
an excessive increase in water activity, 
such as encountered during a fuel-ele- 
ment rupture, the operators would be 
notified and the loop would be shut 
down, 

Saturation monitoring. Since it is 


necessary to maintain the water in a 
liquid state in the loop at all times, the 
loop water is continuously monitored 
that 


whether the 


by an instrument automatically 


determines water is ap 


proaching saturation condition This 


instrument receives pressure and tem 


perature signals from the and 


sutomatically calculates the 


loop 
ituration 
pressure for this temperature and then 
scans the pressure differential between 
the loop and saturation pressure If 
the pressure decreases or the tempera 


ture increases 80 as to ipproach itura 


tion conditions, an alarm is sounded 
It the condition persists for 2 sec, the 
exchanger is turned on to full 
If the 


should continue for 


heat 
capacity, saturation condition 
s period of 15 see 
after the alarm without being rectified, 
the reactor is automatically scrammed. 
The instrument will measure saturation 
conditions for any xceeding 


200 ps 


pressure ¢ 
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Are Conventional Components 
Delaying Nuclear Progress? 


NUCLEONICS herewith present 
from a addre 

before a Navy group in Washington last 
month by Rear Admiral H, G. Rickover 
chief of AEC’s Naval Reactors Branch 
The ad 


dreas has aroused considerable 
NUCLEONICS 


excer pts 


challe nging delivered 


provocaltiwe and controversial 


interest 


} 
will welcome comments on 


from reader 


this subject, pro or con 


THE ONE which toda 


severely limits our « 


FACTOR 
xploitation of 

clear power is neither leg 
It is not a lack 
nor a lack of understar 
Thy 


nd 


il nor go 


ot new idea 


mental, 


of recentl 


ding 


main problem 1 


developed one 


with material equipment gener 


entional 


the 


ally considered as con 


which must conform to 


standards required of all co 
of a nuclear power plant 
f 


Successful operation o 


le pe nd 


power plant ( » the 
of all its part 
but also the heat exel 


valves, ete 


not alone th 


Qhur « 
four operating plant 


actors program hi 


these components whi 
less reliable than 
Also, the cost of these 
been high and delivery time 

It has been very difficult to get 
effort directed tow 
conventional aspect 

the heat exch 


the instrumenta 


th wetbor 
omponent 


poor 


cient 
il plant 
the 


inger UMD 


‘ 
Jorma! 


tech 


valves, 


engineering and mat cturing 


niques have proved dequate when 
applied to nuclear 
The necessit 
and performance 
equipment 1 
understood or di 
sult, not enough effort i 
to this equip! 


can meet the exacting 


improve 
demand 
The 


me! 


clear power application 
of this neglect cannot be 
time and dollars alone 


measured in term 
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and most priceless 


technical manpower 


Three Main Factors 
Th ree 


for most of our difficulties ir 


main factors are 


conventional-type components to nu 


clear power plants: 


1. the need for shorter manufactur 


ing time than is customary 


tional power plants; 


2. the use of materials in shapes 


under conditions different from 


in conven 


those 


with which industry has experience; 


applying 


responsible 


and 


3. the need for more rigorous criteria 


to evaluate the adequacy of 


and equipment 


material 


1 here are good reasons [or requiring 


horter manufacturing times 
of a nuclear 
difficult 
undertaking 


elopment 
and 
If the U. S 


technically 
ng 
capitalize Ary 


this 


on 
held 
built 


iis ha e im our 
power plants must be 


lor 


the conventional-t 


in 
time this reason our 
to order 1M 


ment for nuclear plants a 


technological lead 


The ae 
reactor 1s 


time-consum 


is to 


we 


nuclear 


hort 


pri tice 


quiy 


preliminary design of the nuclear reac 


tor has been firmed up 


But or 


ifr il 


ariable experien e has been that indu 


thi 


it is needed 


tr cannot deliver 


quickly as thi 


equipment 4 


prevents u 


from fully exploiting our technologis 


uly This is a 


especially since the welfare 


antage 


try in the future may 


well depend 


sobering fact 


or our cou! 


the rapidity and the effectiveness witl 


which we can exploit new concepts 


Second, nuclear ver plants 


pov 


toda 


require components which have differ 


ent shapes and which are 


operating under different 


conditior 


capable 5) 


{ 


than those with which industry has had 


ey perien ec 


We had expected that in 


dustry’s technological know-how wa 


sufficient to take care 


of these mode 


i 


departures from conventional practice 


We found this not to be so 


In fact, w 


found that industry frequently has in 


idequate understanding of the 


funda 


t 


st 


mentals involved even in straightfor 
this 
many of our problems have had to be 
We have 
many approaches 
We can- 


several 


ward applications For reason 
solved by empirical means 


been forced to try 
hoping that one would work 
afford to 
possibilities 


stand 


not continue trying 
We first 
something will or 
the 


ure 


must under- 


why will not 
Until 


involved 


work fundamental proc- 


@SKES understood, each 
different, problem 
This 


enormously 


new, even slightl: 


ll have to be solved as it arises. 


approach is 


empirical 


isteful of mone ind trained techni- 


cal manpower; it also results in unex- 


pected and unexplainable flaws and 


failures These continue to plague us, 
ind cause considerable delay 

Finally 
rigorous Inspection criteria arises Irom 


the 


the necessity for use of more 


emphasis we necessarily place on 


reliabilit Failure of a component in 


1 nuclear power plant has far greater 


ignificance to plant salety and oper- 


ition than a similar failure in a con- 


entional plant, because of radioa 


tivity hazard and the resultant difficulty 
for maintenance and 


Thus it is clear that 


iCCCSS repair 


conventional 


pe components used in nuciear power 


must meet tar more exacting 


than when sec 


p) ints 


tandards normal 


ndustrial application 


Technical Problems 


here is lack of fundamental under 


tanding even of common materials and 


f their fabrication 
Stainless steel. Our present know! 
! 


Of stainiess steel is far from satis 


We 


attention to 


ely 
vote ¢ 


ind 


veldability to assure that the end prod 


fuctory have had to de 


ee ive its fabrication 
uct will be satisfactory 
Ml il 


stainless 


ur 
steel 


Steam generators. 
steam use 


tubes 


generators 
De spite « 


ery design and oper 


iting precaution taken, we have experi 
gpener 


to 


enced leaks in some of our steam 


(one corrective menasure 1s 
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. So says Admiral Rickover 


_ 


charging industry lacks understanding 


of straightforward engineering 


relieve the stainless steel tubing 
The manufac- 
had 


xperience in fabricating tubes 


mize corrosion 


f this equipment have 


n they were confronted with 
lirement to stress-relieve stain- 
tubes, without resultant sur- 
ntamination or distortion, they 

| no less than five months to de- 

op their processes, a delay not antici- 
us which caused a correspond 

elay in completion of the steam 
But 
even after this delay and expenditure 
close to still lack 


1 good understanding of this problem. 


generators for one of our ships 
$l-million, we 


Forgings and castings. Obtaining 


ind carbon steel forgings and cast- 
ngs has continuously plagued us and 


rproblem. Experiences with 


L Innit 


ctive forgings and castings have 


to order twice a8 many as are 
order to 


needed in insure a 


nt number of satisfactory ones 


ple, one of our contractors 
yet 100 had to 


n order to supply these 50 


0 large forgings 


50 were so poor they had to 


ed During the next five 


estimate the naval reactors 
ilone will require about 600 
ngs. If the present rejection 
jues, 600 more forgings will 
be made and scrapped, at a 
te of millions of dollars 
The 
steel 


Stainless castings. same 1s 


rue « irge stainless castings 
vhich have had gross defects 

had to become reconciled 
he fact that extra units must 
to be certain of obtaining a 
ones. We 
these diffi- 


that 2,750 


number of good 


ot learned why 

I estimate 
weighing about 7.5-million Ib 
ured in the naval program 
next five ears If the 
rate continues, 4,100 
Cost of 


tion 


have to be made 


il castings to be scrapped 


it several million dollars 
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Management Problems 


There is 
attention to the 
organizational and 


also lack of 


management 
work, both from an 
a detailed technical 
standpoint 

We have found that before a 


heat 


com- 


pany can produce exchangers, 
valves, pumps, or instruments suitable 
for a nuclear power plant, a complete 
revision of its normal organizational 
procedures is necessary A full-time 
project manager responsible directly to 
placed in 


top management must be 


charge of the nuclear products He 
must establish new levels of engineering 
and scientific competence. This gen- 
erally requires that personnel be given 
special education and training—aca 
demic evening course sat nearby schools 
or universities, and practical courses at 
the itself 


have to pay 


will 
the 
training of personnel in administrative 


plant Management 


more attention to 
and in and ex- 


New 


for inspection must he 


methods purchasing 


pediting tools and procedures 
leveloped and 
into use Facilities for 


put testing 


raw materials ar the final product 


must be designed and installed. Often 
these are very ex 
In short, an 


and 


pensive 


entirely new level of 


technica] uiministrative compe 


tence must be built up for even the so 


called conventional-ty pe equipment 
For example nh one experimental 


program nine mall industrial-type 
pumps were ordered, one at a time, over 


rT period of a vear by our laboratories. 
These 
product 


were a standard commercial 


ordered from several com- 


panies out ol their catalogs of stocked 


The 
tests ol 


to be used for labo 

pletely 
Yet h of 
defect 


items were 


rator\ non-nu- 
nature the nine 
had 


poor cust 


clear 


pumps Scrne ou upon 


delivery ngs which allowed 


gross leakage, m gnuiment which pre- 


vented operation correct material 


used Such defects can easily be cor 


rected in most applications; in a nuclear 


power plant, however, where radio 


activity is involved, such defects are 
intolerable 

Contrast this situation with the per 
formance of the special canned-rotor 
had to develop tor nuclear 


hese 


welded into place 


pumps we 
application developmental 
pulps require ho 


lubrication and have run for years 


without inspection They have re 
ceived no attention and show no signs 
of needing any tecause of their reli 


ability they are now also finding use in 
non-nuclear applications 
These difficulties 


small number of those we have 


represent a very 
o tar 


encountered 


Lessons Learned 


Two lessons stand out 
1. Too much dependence is currently 
heing plac ed on routine design and pro 
Practical 
achieved b 


The performance and 


duction methods nuclear 


power cannot he routine 
methods salety 


standards of nuclear plants pose prop 
technolog far in ad 


used We 


lems requiring 


that bemg 


vance ol now y 
have found from repeated experiences 
that the these 
be solved is by 


tion by 


only wa problems can 
special, persistent atten- 
management 

hould 
where their background 


best 


a Compan determine 


ind talent can 


meet the needs of nuclear power 


For most companies this is not in the 


design of the reactor itself; rather it be 


in the development or periection ol 


reliable, higher performance materials 


and components Right now nuclear 


power requires that practically every- 
mentifie method 


both 


thing be designed by 
Today there exist 
portunits 


i great op 
and a great challenge in the 


Those 


funetion of 


j 


nuclear power field who realize 
that it 


is lo plan for the 


major management 


future, and who are 
willing to undertake difficult worl 
cluding achievement of better un 
standing of fundamental! vill be 


ones who remain in this field 





Gamma-Ray Dose and Heating 
from Spent MTR Fuel Elements 


Spent MTR elements are now available as gamma and heat sources. 


Given irradiation history of element, gamma dose rate can be calculated. 


Verification of heat calculations awaits more accurate calorimetry 


By W. E 


}*} 


MTR 


oures 


Winn 


bemg used us 


yamina radiation 
tional Reactor Testing 
other 


States (/ it 


at yvarioue 
United 
study of the energy a 
elements during their 
became essential 

The results are pre 
project at the Materia 
to 


tor menusiure 


Gommo Dose Rote (r/hr) 





p 


Fi 


of high-intel 
not onl 
Station, but 


instal 


| 
ill 


L. MARSDEN 


FRANCIS and L. 
Petrole Company, Energy Division, Idaho Fa 


llomur 


on intensity ud heating values from 


pent fuel elements a t function of 


it the Na fission time, cooling time ind distance 


from source Fuel elements with cool- 


itions in the ing times from 344 hr to 218 days alter 


comprehen reactor shutdown and fuel burnups of 


tudied 


ne 


ible from the 1. 35% were 


Fuel as y-Ray Source 
The 


men ured 


following discussion compare 


and calculated gamma dose 


rate from spent fuel element soth 


Fuel 
No. cycles element no 
2 I- 937 


5 I- 927 


FIG 
fuel elements. 
by ion chamber 3 in. from element side 


2 I-64 


! I- 849 


e calculated and measured data per- 


tuin to the same five elements Two 


re one-cycle elements, two were two 


cycle, and one was a three-cycle.* 


Measured dose rate. ‘To measure 
gamma intensities, single elements were 
placed flat on a bench under approxi- 
mately 14 ft of water. A metallic strip 
calibrated in inches was placed beside 
the element (An air-gap ion chamber 
with positioning lugs was used to meas- 
gamma intensities at distances 
to | ft from the face of the 
taken 


of the element throughout 


ure the 
of 1 in fuel 


element Readings were Irom 
all four side 
the fuel-bearing section 

higure | contains the results of sur 
elements throughout their 
These 


particul urls 


yveying live 
elements 
ol 


differences in fuel burnup and in reactor 


cooling evcles were 


chosen because their 


histories 


the 


These parameters appear in 
ute 


curve as differences in absol 


Valles 


Predictions 


the slopes being similar 


of dose rates can be ob 
ta itu 


It 


DuUrhup 


correlating a particular 
ition to the nearest curve of Fig. | 
that 


result 


noted increased fuel 
illy 


readings 


norm in higher dose-rate 


two-cycle burnup gives higher 
ycle The effect 


apparent 


values than one « of 


reactor history is howey 


the 


er 


since two-cycle 


58-gma-burnup 
*An MTR cycle is 
operation, usually 
the reactor is refueled and experiments modi 


one period of reactor 
15-17 days, after which 


the next cycle. 


hed tor 


Cooling cycles of five spent MTR 
Dose rate was measured 


plate at midplane 


! 1-852 


40 60 80 100 


= | 
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ot gamma 






than 


sh SB 


] 
i ol 


the 





he 


a sho 


rt 


three-cycle 


traverses 


element v 


cool 


are 
Vas 


ing 


igure 2 illustrates the trun- 


irve obtained on fresh elements 


igs are 
the element. 
chamber 


are 


belie ed 


le for this phenomenon, 


used 


i 


ra 


taken close to the 
Limitations 


re- 


that very little dif 
The big 


to be between 


1 


’ | 
ne 
! 


te 


ire 2 indicates 
e exists between sides 
lifference (and even its significance 
tior ible appears 
ind 4, presumably ca 
exity and concavity 
se of its simplicity ar 
tion for the vast number of re 
ired the ion chamber 
ill fuel-element 





































e calorimeter 


Intensiti 
ited for cooling times of | 
it close enough intervals to 

if juat eur L et to be dra nior 
the spent elements The reac 
n each case was 15-17 days 
e rate is computed by summing 
ye rates in r/hr from each of the 
energy groups given in the table 
iel element was considered to be 
ndrical source. The intensity 
ited, in all cases, opposite 
nter of the element (see Fig. 3) 
ilations were based on the equa 
the undirected energy flux (2 
Q, EC 
; datdZ ¢ | sect dé 1) 
os undirected energy flux 
sec); = energy of primary 
Mey B buildup factor to 
t for multiple scattering; Q, 
( trength of a volume source 
em*/ see CG radius of cylin- 
ource (cm); a distance from 


wet 


for 


ited 


to observer c 





“uceri 


SCHnniIng 


\ 


dosimeter 


phosph ili 


( h imibe . 4 


Calculated dose rate. 


e 


mH) 


effective 


ilibration 


orption distance (cm); and b 


u,Z, where wu, and yw, are absorp- 


oefhicients 


em 


espectively 


ge densit' 


was 
Sines 
cart 


tion 


tituting 


‘ lose 


') for 


Note that p, the 


of the assembly plus 


water and 


calculated to be 


this was close to the den- 


rh 


rats 


(p 
coefficient 
2 for 6, B is implicit in 


it 


1.67) 


Wis 


point 
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Element Midpione (in 


lon-chamber survey of fuel element |-987, 4 hr after shutdown and 


FIG. 2 
at various distances from face of element 



















FIG, 3 


3,600 


hr):o acut 


3,000 


where / dose rate (1 


y 


ection ol water 


tering cros 


sec/hr: 51.8 * 10° Mey absorption 
gram of ai lr; and (pu a,)/p 

ratio of macroscopic cross section for 
energy absorption to density of tissuc 


(em?*/gm) (ref. 5, supplement 4 
Since the calculations were based on 
the a fissions/sec 


1 fission /se erage 


cm? Is 
AMN 
AT'\ 


10"'AM /t 


s 


7 


where AM 


burnout per fuel element 


gm); A A vogadro’s number; 7' 

time (days); } olume/fuel assembly 
3.5 * 10% cm’: t irradiation time 

sec); and A [ itomic mass. 


The procedure for calculating the 








Parameters for calculating dose rate from cylindrical fuel element 


total dose rate tro i iltievele ele 
ment is as follow 

a Caleulate the ose rate alter eucl 

ele 

2. Add the individual rat Lilowing 
the correct number of da cooling 
ifter each cycle, to obtain the tota 
yamma~lecay dose rats 

Figure 4 illustrates this method 

Vigure 5 compares the theoretica 


calculations and the experimental mea 


urements for a typical fuel element 
good for thin shield 


the 


The agreement | 


but becomes increasingly worse a 


shield thickne Mis 


Inc renee 


Fuel-Element Heat 


of the dose-rate 


Direct comparison 


curves with the heating curve innot 
he made since the former account for 
gamma intensity only, while the latte: 


include the beta heat as well a 
heat 


vata 


irieon of 


Following I a comp 
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FIG, 4. 


Procedure for cal 


fhe 
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t 
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hee 
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culating total gamma dose rate for multicycle 


elements (data given here for element |-937; measured through 3 in. water) 


Total decay is sum of deca 


measured and cal: 


spent fuel element 
Measured heat 
used for 


mensur 


ketel 


ny 
fuel element 4 

The calorimeter 
ble-walled tank «ce 


fuel element Insulation 


W ills Witt provided 


four Calrod-type 


paced at 90 deg 


vertical position 


These provide a wide range 


heating (up to 2,800 watt 


tion purposes Four ther 


two at centerline and one ear 


nnd bottom, were connected thre 


to 


bole trical input powel 


witeh tt portable wotentu 


n wattmeter, while wate 
tests 
rotameter. Valves pern 
the tank for batch trial 
\ dummy fuel element 


dynamic wert 


the tank and a seri 
which the electrical heating 


The majority of the work 
| 


bateh heating since 


produced temperature differential 


small to he mensured 


82 


ys resulting from cycles 48 and 49 


Vintiiiiiti heating 


Several series of runs were made in 


vhich spent fuel elements having differ 


t inserted in the 


h 


el times 


the 


cooling were 


il 


Prritiin 


test rig electri iting vaned 


! he 


rom zero to ma ind the iting 
rates determined 

The test 
it 


whic 


he iting 


runs in the electrical 


p vil yave rates due 


The 
1 the 
Phe 


Zero 
the 
then deducted fr 


if 


ole to fuel element ‘ 


rate were Nii 


rut 


itl combined — he ni result 


rearnith 


or ¢ 


eries of data of heating rates vs. 
data 
with those from the dummy runs 
that 
lor converting 


A i 


lectrical heating These 


colIn- 


yned 


calibration could 


Lsé ad 


e a curve 


ner he 


heating 
its determined from any spent fuel 
i nt This 


losses 


heating 
heat 


to equivalent 


dure correctec 


the 


lor 


calorimeter without necessi- 


i Separate cak ulation for each 
\ yf 


fuel elements 
to 


serie ( 


poe nt 


in cooled age from IS*¢ hr 


1 da were measured: see Fig. 7. 


Calculated heat. The 
itts 


theoretical 


eating terms ol Ww was obtained 


i 


en cooling t Again calcu- 


itions were made on veral different 


lements, including the same elements 


leulations 


I 


those in the dose-rate ca 


Che expre gamma heut- 


1 Mey 


aver 


Eavg 
Me 


groups 48 ID 


em 
itts 


energ nh group eon 


ering same seven energy 


intensit FR number of 


fuel 


i vor} 


| 


el 


ons per second volume of 


lement (3 10) 


Phe 


imed 


heating from the beta 
to | 


f) 


wetivity 
the total 


iM il times 
his approxima 
good within a fac- 


ot time 10 t 


Ol issumed to be 
1 two for period 


) a" ~116 day 


the calorimeter and surround 


iter do not absorb all the gamma 


ion, the gammas escaping from 


ilorimeter were assumed equal to 


vhere is the mass-absorption 


bu 


ent ol iter m )) and r 1s 


cKkne cm) of the water layer in 


lorimeter p the stainless-steel 


i 
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Measured and calculated gamma dose rate for FIG. 7. Calculated and measured heat from spent MTR 
»ment |-814 through 1.25 in. water fuel elements 









the equivalent cycles, may be ilculated by summing (0 Miw for equivalent cooling times 


















iter the individual decay rates adjusted for his may be explained, at least partly 
; the proper cooling time This pro by the fact that the 40-Mw elements 
Conclusions cedure is illustrated in Fig. 4 received more intermittent burnup; the 
ving points summarize some 3. Since the eption of this project cooling intervals thereby assume more 
re important aspects of the MTR power is increased from 30 to importance in the final dose rate, tend 
{ 10 Mw Although the data reported — ing to lower thi ulus lux mapping 
mm erimental measurements and here were taken on spent fuel elements in the reactor has also indicated a lower 
i ileulations of dose rates from 30-Mw eration, it uw of interest peak-to-average ilue for the 40-NMiw 
nt fuel elements are in good to determine the dose rates to be ey operation than at 30 Mw, which would 
ent for small distances from the pected from 10-\Ilw operation tlso account for a lower dose rate than 
1 ; mn n water As the It was anticipated that the dose rats expected 

rom the element increases the would increase proportionally with the 4. The airgap ion chamber ha 
ent not as good power, assuming the same reactor time proved to be a reliable instrument in 
Z ( lose rate of any spent fuel ind position The dose rates measured the range 10*-10' r/hr and may reason 

regardle of number of cycles after 40-Mw operation were not ap ibly be extended to 104 r/hr 
tor or length of time between preciably different from those taken at 5. Averaged slues of mensured heat 






from spent fuel element ire somewhat 
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Induced Radiation 


Radiation from Neutron-Activated 


Slabs and Cylinders 


By W. B. LEWIS 
tlomic Enerqy Divi 
Phillip Petroleun 

ldaho Falla, Idaho 


THE RADIATION 
vated by irradiation 
that is uniform and 
the 


activity 1s 


manner in wl 
distributed 


on 


sample volume and o1 
coefficient of the object 
tion under consideration 
bution of induced activit 
nple 
coefficient of absorption fe 
The effective activity, defined a 
ratio of the amount of radi 
the surface to the total an 


determined | 


aepend 
the shape of the sar ind on t 

r neutron 

the 
ition leaving 
ount induced 
in the object, can be 
equentiall 


lionc tive 


solving two problem 


First, the distribution of the rac 


nuclides must be determined Ser 


ond, the fraction of radiation reaching 
olume 


the surface from an element of 


must be calculated, and an integration 


made over the entire volume 


lO! yration 1s I bette! 


’ 
ippens 


Phese problem have been solved 
of radiu 
of half 
thickness a. Three quantities are di pical iridium sphere hay 
the density distribution Z, the 


activity 


phere 


imple cases: (1) a 


1 and (2) an infinite slab Example: irradiate a 


SU p pose \¢ 


ing the fol- 


layed ing characteristi mass SOU mg, 


efiective ind contour ol U.Scm~* yu, s Oem 0.204 


Figure | 6.08, b, 63. B 0.9977 
ind Fig. 2 fo lab ; O.S05 


ions can ib nce b, is large, most 


onstant 
lor phere 
Analytical 


tained for 


of the ac 
shell 
the efficiency of 
The 


irge 


expres tivity 


four quantite viuced in a thin outer and 


tabulated below fairly large 
b,,B,) are obtained by interpolation recovery 
The of 8(B,,B, 
quick means to evaluate the effective 
ietivity It is only to | 
evaluate B, and B, from the physical 


onstants of the sample ind locate the 


The general function nee b, is 
ibout 50% 
by the | 
There 
with energies 
The 


1 good estimate 


should be 


contours offer i problem 1s comple ited 


ol gamma energies 
gammas listed for Ir 


ranging from 0.136 to 0.613 Mey 


are 
necessar 
ilue chosen for Mr, | 
The for four gammas that 
of the total energy 
0.468 Mev 
Values of s 


weount for 80% 


0.308, O.316 


corresponding point on the map 


sccuracy of the value obtained is about 0.296 
1O%, 


when both B’s are close to unity 


The contours cannot be used 
In 


ich cases recourse to numerical inte- 


are 0.50 from Fig. | and 


0.59 from numerical integration 





Quantities Important in Evaluating 


Quantily 
Z(ba,a 


Zavy(n) 
8 (0, B,) 


s(1,B, 


8(B,,0) 
a(B,,1) 


Neutron-Induced Radiation 


V alue Jor gl 
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for sphere 








Values of s(8,,B,) are plotted as functions of B,, B, being the 
Contours of constant s are shown on a map of 8, 


FIG. |. Quantities needed for evaluation of radiation from 
neutron-activated sphere. Z(b,,x) is plotted as a function of x parameter. 
and B 


for different values of the parameter B,, (see table of symbols) 

















2. Quantities Z(b,,x) and s and contours of constant s that played in same manner as those for sphere that are displayed 
above in Fig. | 


ysed to determine radiation from irradiated slabs are dis- 





Symbols 


, 88 ¢ lab 
half thickness y , / e ho(B,,2 cos OdV /Awh*a 
Pe 
’ i pan GlZ 


vol- d 
actual volume density of radioactinty (dpa/en 
B, surface density of radioactivity of equivalent thin 


me element 
shell (dps/cem*) = } e*r8 (B,,.2) con OdV /4rh*a* 


tance from volume element to surface element 


nificant length (radius of sphere, 
tance from center of sphere or midplane of slab to 


1 
orption coe fli vent 
B, ratio of equivalent surface activily to total induced 


cript referring lo neutrons 
actiwily 


cript referring to induced radiation 
/ a dS / Pp d\ 
s ’ y 


adS/S 


tron flux 
nteqgrated neutron flux (n pdV/t 
distribution function for induced activity 


cm? 
paGl 
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Counting Thousands of Samples 
in 12 Hours—Automatically 


Neutron-distribution plots can be produced quickly and accurately 


by using foil and wire neutron activation combined with 


automation of counting, data processing and machine computation 


By KENNETH E. RELF 
Bettia Plant, Weatinghouse 


"THE VALUES Of many important reactor 


core design parameters are determined 
by counting foils or wires activated at 
strategic points wit! 

secure sufficient data 

sand points per day mi 

and the corrected data 

mum use, should be a 

iientical 


day or two. Counting n 


samples is repetitive therefore 


Processing 


lends itself to automation 


the count rates is also repetitive, in 


volving simple subtraction and mult 
plication, and therefor idaptable to 
machine-computation method 
Several types of counti 

utilizing some automatic app 
such as sample changer 
scanners, and timing device 
described in the literat 
While automatic 


sample changers relieve 


timing 


urement 


Auto 


the tedium of counting ! 
automation goes be 
mation more fully rel 
and can contribute 
that otherwise wou 
or made available 
described makes use 
digital computer 


flux plots ready for 


Advantages 

Che time required to pro 
from 2,000 foils on mani 
calculators compared with 
quired by automatic d 
indicates the significant 
in efficiency that can be 
modern automation I 
perience with manua 


lators demonstrate 


86 


*ittahurgh 


) ’ 
Pennaylvania 


operator could correct one data point 


decay, and 


per minute for background 
nterchannel normalization Two 
would be re 


data 


Shir 


33 hr) 


thousand minutes 


quired to obtain the corrected 


hour 


Se “WuUnse 


from a single experiment 
vorking days for one person 
frequent rest periods were 
Usually, two 
quired four or five S8-hr da 
2,000 points 


\W ith the hew 


ol tatigue 
necessary persons re 
to process 
method, count rate 
from 2,000 foils are punched on 333 
and the IBM 650 computer cor 
these back 


and channel-to-channe! 


cards 


rects each of points fol 


ground, decay 
normalization at the rate of 50 cards 
min his represents approximately 7 
min computing time. The 650 com 


output cards 


puter provides a set of 
punched with the corrected count rates 
rhese cards are the input data for the 
[BM 407 tabulator. The tabulator 
provides an output sheet with the cor 
rected 


ipproximately 


LO or 


information in 
A total of 


required to furnish the de 


-) min 15 min is 
ill that Is 
with the corrected data from a 


2,000 irradiated foil lo the 


ine, 
et ol 
must be 


computing time of 15 min 


vided an hour or an hour and a half for 
preparing these cards for the compute: 
Most of this preparation is done during 
the course of the run Preparation 


consists in correcting cards that may 
have been punched incorrect by the 
IBM 519 punch and running the cards 
through the 


blank-col 


IBM 


double pune h 


imn detection device and the 


orte! In any case, within 


most, a designe! can have 
the irradiat 


he results of 2 OOO 


fol whereas 4 or 5 days is required 1f 
the counting and processing were done 
manually 
Four distinct adv 
the installation to be described 


bs. oe 


mentite 


antages are offered 


allows more efficient use of 
personnel because they can 
interpret the data rather than concern 
themselves with the processing 

2. Experiments can be planned more 
intelligently because the results of pre- 
ious experiments are immediately 
ivailable 

3. An increase in over-all accuracy 1s 
whieved through the use of automatic 
imple changers, which position the 
imples beneath the scintillation crys- 
tal with a consistently reproducible 
LCOCUrTAHCY 


4. ( 


cause they can be assigned to prob 


alculators can be better utilized 

unworthy of computer coding, or 
can be assigned to problems not 

ptable to machine computation 


i 
! 


Functional Description 


Che basic functions to be performed 
ire detection, amplification, pulse shap- 
pulse registration 


ng, discrimination 


ind program control These are indi 
ited in the table on}p SS 
Che irradiated samples are plac ed in 


MCCIALLY cle signed molded nvlon Sain 
rhese holders have milled 
The slots 


cccommodate wires either 44 or 1 In. in 


te holders 


ots and circular wells 


engtl and the vells accommodate 
liameter The 


different 


,; or *¢ In. In 
ders were molded in ten 
yrs to distinguish samples irradiated 


lifferent parts of the reactor or to 


irradiated foils 
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sample changer will accommo- 
ite 73 holders. In order that the 
lata obtained can be subjected to a 
ode suitable for the IBM 650, the stack 
f 73 holders must contain not only the 
radiated samples but also long-lived 
tandard foils and empty holders ar- 
ranged in a specified sequence. 

When each of the six changers has 
loaded, the counting pro- 


hee! roperly 


gv} nitiated from the control posi- 


tion | the operator, who simply 
tl the countswitch. The changers 
te the samples to be counted be- 
neath the scintillation crystals in ap- 
mately 20 sec. The change time 

the particular changers in use is a 
nominal 15 see, but 20 see are allowed 
to be certain that all changers have 


placed the samples under the heads and 





be ready to count when the 

















mand 18 given 





Detection is accomplished with an 






inthracene scintillation crystal 144 in 





imeter and | mm in thickness 






gamma-ray detection effi 
inthracene re duces the back- 








counting rate caused by other 





t ited samples in the changers 





st usual counting rates range 
fr 1 afew thousand to 350.000 counts 







Hi) (On rare Occasions the 






t few hundred up to one 
ion ints in 40 sec 







preamplihier differentiating time 






tant consists of input stray ca- 






t n parallel with the input re- 





elected to give an appropriate 






time constant, usually about five times 





the phosphor decay time For an 






ene crystal, the decay time is 


it 2.7 * 107* see (4 





The signal 






the preamplifier is transmitted to 






n amplifier having a maximum 





of 6,000 Triaxial cable is neces- 







ti unimize the spurious counts 






to the circuit by the operation 
ters, the IBM punch, and 


( hangers 










ther amplification pulse shaping 





nation are performed on 





e chases rhe main amplifier 





eco! 


d (0.3-200 psec) time 






ryt ] ] 


eset delay line for 






The time constant in 





ier and in the main ampli 





en adjusted for the work in 





tor so that the over-all 






2 usec in duration, and 








t undershoot is 5 psec 
(On the | of probability theory, this 
é t! ALIOW i count rate ofl 
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ELECTRONIC COMPONENTS of six-fold counting system 


100,000 epm 


on the average 


th the 


not more 


issurance that 


than | out of 


100 pulses will begin during the previ 


ous pulse 
resolving time 
cate that there 
up to 250,000 « 


Preliminary 


of these 


hee ks on the 


channels indi 


no detectable loss in 


pm 
, 


The amplifier output 


to the discriminator 


tor 1s 


basical 


trigger circuit 


negative 


pulse 
The pulse from the 


i hig 


0.6 psec 


pulses are fed 


‘I he discnmina 
speed Se hmitt 


Vv hose output Is ti > volt 


in duration 


discriminator is fed 


to a pulse registration unit commonly 


called a 


recorde! 


scaler 


Ihe 


pulse resolving time 


but hereinafter called a 


recordet 


of OSS psee and 


consists of six decace ipable of indi 
cating six digits in light there is no 
mechanical register The recorder 
operates a printer and a converter 
The printer is a Victor adding ma 
chine, whicl nts the nuclear count 
rate on cash-register t pe The con 
verter transmits the digital information 
from the recorder t in IBM model 


519 pune } 


these numb ! 


The IBM car 


information 


Column 


which. it 


turn, punches 


in tandard IBM eard 


contains the following 


ation 


nber 


in 


mber (of card 


seconds from 
hutdown 
1 count 


) ‘ 
« Coun 


A distinet 


the printer 


the operator 


printer tape 


possible errors 


rid in ante rpreting the 


, 
| rogram 


with a Berkel 


vwivantage 


and the 


ean 


ibout 


minke 


con 


imple 


control 


which registers pt 


temperature 


controlled 


Lisé 


or other 


dual 


pl 








ing both 


ertel 


note 


{ 


final 


le 


ihhiortin 


rom 


esult 


tor The preset counter tdi 


1 time and 


uljust ible from 


The count | 


During the B time 


i B time, botl 

the front 

made during 
the 

ind «cl 


print, punch, reset 
I'he difference 


ure given 


ind B is the 
le change 


| 


Data Processing * 


The sequence 


rats of the 
ird foul 
must follow 


ao) that instruction 
machine can be 


teed sequence must 


system has 


i pre 


ew tn 


distinguish one t 


other by putting 
in the IBM eard 


The tach 


of 7 


begins with two bi 


mit background 


follows dl ly 


we omplis hed 


et 


that 
1 the 


wnation 


ition to 


eountel 


1O0-k« 


cilia 


ith ifi 


vhich are 


tI 


1 


unit 


commands to 


ifige 


time allowed tor tl 
to operat 
in ! ! the 
irradiated sample 
and background are re 


‘ 


nples 


between { 


itt 


ount 


tand 


orded 


determined pattern 


! 


po 


lor 


” 


le 


formulats 


count 


the 


| 


ul 


omputing 


A guaran 


1 beCcnuUBe nO 
ed that will 
jint from an 
nw pur } 
theretore 
le that per 
to te take! 


a holder cont uning a long 


lived standard 


ceeded nyY a 


aet ol 


rhe 


rie 


Phis set can contain ar 


*Mr. O 
Computation 


ormation p 





} 


I 


ization 


ill 


ber 


TY 
re 


0 1long 








Components of Automatic Counting System 


Component Brief description 


Detection 


Anthracene scintillator ane n. dia x 1mm NRD In 
photomultiplier ecay time: 2.7 + 0.5 K 10~* sec 
6655 or DuMont 6292 
Power supply tange: 100-1,400 v in 17 steps Atomic Instrument Co 
irrent: 1 ma Mass Model 312 
plus or minus 
0.02% per day 
Line-voltage regulate oad range: 0-1,000 va Sorensen & Co 
tion accuracy FOOLY Model 100! 
distortion: 3% max 
nstant: 0.1 sec 
Sample changer 73 samples Nuclear-Chicago, Chicag 
C-LIOA Special lead 
ipplied were o 


Sample holder 


Amplification 


Preamplifier 


Main amplifier i , 000 
Lime O.15 psec 
0.5-200 psec 
or minu 
Ou y positive 
better than 1% for 72 hi 
better than 1%, 0-100 v 


Pulse shaping 


RC network and 


delay line 


Discrimination 


Schmitt trigger cireuit itp is v neg 


0.6 psec 


Pulse registration 


Digital recorder and ec’ g and indicating capacity serkele Division, Beck: 
printer ( cle ments, In¢ Richmond, Cali 


rate one print out ever 


vity: 0.6 v neg. with a rise 
100 psec 
e resolving time: 0.85 psec 
Punch converter e converter sets up a pattern of relay Berkeley model 1440-1 
it the end of a count period 
ponding to the digit lights on the 
eT 
Summary punch hine will punch, reproduce, verify 
perform a blank-column double 


earch 


Program control 
Dual preset counter Counting capacity: 1-1,000,000 Berkeley model 
Frequency of count: d-c-—40,000 cps 
Time base and Time base frequency: | ke or 10 k terkeley model 563: 740 
reset chassis Stability: 1 part in 10° 


T otal 6,780 





April, 1957 - NUCLEONICS 





number of 
for each 
wires 


o1ders, & 


more blank holders 


S amples are 


in 7 any 


ind 


grot 
100 


ips ¢ 


channel 


ire followed by 


wires is inserted 


The 


two 


long-lived standard, 


The ir- 
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2 shows that there are large 


When the air-bath tem- 

ire was changed by 20° C,. the 

emperature of the glass envelope 

reached a new value in about 80 min 

but the tube gain did not reach equilib- 

ibout 150 min For engineering services 
or literature, write 

Dynode Temperature NUCLEAR MACHINERY DIVISION 
lo determine whether the tempera- 
ture-sensitive element in photomulti- 


pliers is the eathode, or the dynode THE FENN MANUFACTURING COMPANY, 702 FENN ROAD, NEWINGTON, CONN 


Vol. 15, No. 4- April, 1957 95 





Weihnere 


FrLOVy RATE 
is Cre lL DICAL., 


I OS —) oO OL —10 — 4 — Lr Ba — Oe — A — 3 we — ol 


in nuclear reactors where the slightest flow-rate decrease 
in coolant, moderator and other fluids must 
be detected immediately and accurately 
Pottermeter bearingless turbine-type Flow-sensing Elements 
are fast becoming standard 


Pottermeters feature o patented venturi and 
i evolitile Maoliolaee | tile Mel leMacl Ml Mules Mim lcelailaeliny 
any non-magnetic material, Reliable high pressure and 
temperature operation is assured in a wide linear 
range of flow rates with high repeatable accuracy. Ideal 
for high temperature water, corrosive and 
contaminated liquids. Can be utilized with all lvpes 
of indicating, recording and/or control instrumentation 
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structure r both, the experiment was 
repeated with the tube base and socket 
of a 6292 tube inside the constant-tem 
perature air bath and with the photo 
cathode end of the bulb outside (see 
Fig. | In this arrangement, only the 
temperature of the tube base could lx 
Vill 

results are shown in Fig. 3 

s curve shows the gain of the tube 

i function of the temperature of the 
tube base only The photocathode 
end of the bulb was at 27° C when the 
base temperature was 0° C and rose to 
33° C when the base temperature was 
it 50° C. For comparison, the gain as 
i function of photocathode and dynode 
temperature for this same multiplier is 
included. 

The difference in magnitude of the 
two effects suggests that the tempera 
ture of the dynodes is the determining 
factor in the temperature dependence 

f the gain Presumably the dynodes 

ill not reach the same temperature 
is the tube base if a temperature differ- 
ential between tube base and envelope 


exists 


Photocathode Temperature 

rhe results in Fig. 3 leave some doubt 
is to the contribution of the photo- 

thode to temperature dependence 

To isolate the effect of the photo- 
cathode, two additional experiments 
vere performed, In the first, the tem- 
peratures of both crystal and photo- 
cathode were vanied In the second 
onl the crystal temperature was 

iried See the experimental ar 
rangements in Fig. 1 The difference 
hetween the two sets of data should re- 
flect the effect of the photocathode 

Che results of the two experiments 
are shown in Fig. 4. The fact that 
there is no significant difference be- 
tween the two sets of data implies that 
there is no change of photocathode 
characteristics with temperature. This 
observation 1s supported by previous 
results (2). which showed no change in 
photocathode sensitivity over this same 
temperature range 

From these results, it may be con 
cluded that 

l. Photomultipler gain decreases 
up to 40% with increasing tempera- 
ture in the range 15° to +50° C 

2. The temperature dependence is 
issociated with the temperature of the 
dynode structures 

Using 5819 and 6292 tubes, a pulsed 
light source, and optical filters to 
isolate narrow regions of the spectrum 
Seliger and Ziegler (3) have found an 
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photomultiplier gain with 
temperature in the range 
+30° C. These results 
in disagreement with 
worted here. It is possible 
inge with temperature of 
ectral response of the photo- 

le could lead to their results 
However, Ball et al. (4) have found 
negative temperature coefficients for 
gain of 6199 photomultipliers, using 


ight source, in the range 5 


Phosphor Temperature 
The maximum amplitude of the 
lifier output pulse is shown in Fig. 4 
ease with increasing crystal tem- 
rhe scintillation efficiency, 
proportional to the total num- 
photons per light flash and should 
pendent of pulse shape, has 


6) to decrease with 


iplifier used affects the magni- 
e observed crystal temper- 
endence because the amplifier 
nsensitive to pulses having One of the Fanstee!l 
ecay time than the RC decay 77 Metal weights 
e amplifier. The light pulse used to dampen vibration in 
im iodide phosphor is com jet tanker boom. 
it least four exponential 
the decay time and rela- 


ty of each being a function 


erature ] s The over-all ‘ ’ 3 es le can make this hook-up about as easy as 
the decay time is that it a +9 1 on ¢ i) th 8 wind Bocing i ign 


a engineers created an unscen “steadying hard” hy installing 
time of the amplifier used Fansteel 77 Metal damping weights in the boom end of 
1 the data shown in Fig. 4 was this “fillin® station in the sky” packing a lot of weight 
hares so . ae Poet into a small spaee. For 77 Metal is teice as heavy as stec!. 
erature confer of about 0.1%/" G| gagdlanstsh 7 has 2 (Ot demersal es i ei 
the range 10°-50° C. Thus the shields for radioactivity, as rotors, governors and balancers. 


perature dependence of the crystal | Fanstee! 77 is pressed into shape from powder so there is 
” minimized by proper elec- 


negligible scrap loss, It has high tensile strength (105,000 psi) 
™ as well as high yield (85,000 psi). It machines as easily as 


* * * 


cast iron 


eported here waa done for the 
ftomic Energy Commission under con- 


17(07-2)-1. Permission to publish ts If you are trying to conquer anything from 
wknowledged 
wild vibration to annoying chatter, a letter 
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HIGH PURITY FIG. 1. Arrangement of Cerenkov monitor for measuring 2-Mev electron beam. 


Beam enters cell through in. hole controlled by !4-in.-thick aluminum shutter 
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ware e e 
Vitreosil products can Radiation 
be supplied in an unusually 
large variety of types and 
sizes, Also fabricated to spec 
ification to meet semi-con 
ductor requirements for the 
production of silicon metal 


TRANSPARENT VITREOSIL 

For ultra-violet applica 
tions, metallurgical investi 
gations, chemical research 
and analysis, photochemis 
try, spectroscopy and physi 
cal, optical and electrical 
research. 

Send specifications for 
your requirements. Please 
use coupon below 
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FIG. 2. Relationship of electron-beam current and Cerenkov photoelectric 


current. Data are plotied for five independent runs 
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By C. C. THOMAS, Jr., K. H. SUN, 
and E. A. MARUSICH 

V atk Engineering Department 

We house Electric Corporation 


f fj hu h. Pennsylvania 


intensity-radiation monitor 
developed here comprising a 
cell, a photovoltaic detector, 
hammeter It is mechanically 
tronically simple. Since, in a 
radiation field, Cerenkov radi- 
ild be produced by gamma 
not by neutrons, the device 
useful for measuring gamma 
reactor shield 
onitoring high-intensity rad 
ich as high-energy electron 
kilocunie gamma emitters, or 
reactor fuel elements, difficulties 
encountered. Some fluores 
ices using organic phosphors, 
d ZnS, fluorescent glass, or 
ting liquids are affected by 
rature changes and by long bom 
nt of intense radiation (10 
Ser [onization chambers re- 
re excessive circuitry In the case 
energy electrons, direct meas- 
ement of current without a Faraday 
not possible, because of second- 
cattering and air ionization 
wainst this background that 
ent investigation was aimed at 
ng a radiation monitor with a 
cuit and a simple mechanical 
which would not be affected 
ombardment with radiation 
charged particle, such as an 
asses through a transparent 
either liquid or solid) at a 
reater than the speed of light 
medium, it loses energy b 
isible and near-visible radi- 
the Cerenkov radi 
peed of light in the 
n, where c is the 
vcuum and n is the 
have the following 


ission Of Cerenko 


s water ot 


s convement to 


vice Taking 


e refractive index of water at 
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WHAT THE MARTIN “GAMMA FACILITY” 
OFFERS TO NUCLEAR ENGINEERS 


The important new Martin Gamma Irradiation Facility is 


being used to explore the behavior of materials in a radiation 


environment. 

As part of the Martin Nuclear Division Laboratory, this facil- 
ity is pioneering in the use of high-energy gamma radiation for 
diversified studies on radiation-induced changes in organic and 
inorganic materials. 

Experimentation in this laboratory runs the gamma gamut 
from fundamental studies of reaction mechanisms in radiation 
chemistry to the whole new science of materials development for 
the space systems of tomorrow. 

There are exciting opportunities at Martin in this big new field. 


Contact J. J. Holley, Dept. N-04, The Martin Company, Balti 


more 3, Maryland. 
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“With the right qualifications,” 
says Dr. Frank C. Brooks, 
Director of the Combat Oper- 
ations Research Group of 
Technical Operations, Incor- 
porated, “ascientist who wants 
to grow fits in here. We're a 
growing research organization 
with freedom to think, in an 
atmosphere of creative oppor- 
tunity. Right now, at Fort 
Monroe, Va. and Monterey, 
Calif., we’re looking for an 


Applied Mathematician 
or Logician 


who combines strong  back- 
grounds in logic and mathe 
matics, with a knowledge of 
computer logic and ¢ rpervence 
in computer applications. We 
also need an 


Experimental or 
Theoretical Physicist 


preferably on the Ph.D. level 
with two years of experience 
beyond the degree 


The positions at Fort Monroe 
are on research and analysis 
teams tackling theoretical 
problems in military organi 
zation and tactics, using com 
bat models and war games. At 
Monterey, the emphasis is on 
the experimental study of 
combat, using the techniques 
of design and analysis of 
experiments and high speed 
computing.” 


Address 
ROBERT L. KOLLER 
Operations Research Group 
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South Avenue 
Burlington, Massachusetts 


INCORPORATED 


an arbitrarily chosen wavelength, 
4,000 A, it follows that an electron 
with 6 > 0.75 gives rise to Cerenkov 
This 


electron energy of 0.26 Mey 


corresponds to an 
It fol- 
lows that if electrons of this Ccuergy or 


radiation. 


greater (whether obtained directly 
from an accelerator or 4 radioisotope o1 
from a secondary interaction of an elec 
tromagnetic photon such as an X-ray 


or y-ray) are injected into water 
visible or near-visible radiation will be 
The light is 
cone whose axis is the track of the 


half-angle @ is 


emitted emitted in a 


electron and whose 


given by 


For a 2-Mey electron and visible radi- 
1,000 A, 6 10 deg. The 


Cerenkov radiation is monitored with 


ation at 
ii conventional photovoltai dey ice 


Experimental 


The experimental arrangement is 


shown in Fig. 1. The atomic radi- 
ation, in this case 2-Mev electrons 
produces visible Cerenkov radiation in 
water placed in a polystyrene container 


4 vessel 


pure fused silica may be preferable to 


made of transparent ultra- 


the polystyrene, because the fused 
ilica can be exposed to radiation doses 
up to 10° rep without discoloration 
These visible radiations, which are 
mostly in the forward direction, then 
produce a photocurrent in the photo 
voltaic semiconducting device. This 
provides a means of measuring the in 
tensity of the original electron beam 
A Bradley 
selenium-barrier-layer photovoltaic cell 
Other photo 
CdTe 


or a photoelectric semiconducting sili 


Laboratory type of 
144 & 34 in., was used 
electric devices, such as CdS 
con or germanium junction, may also 
used 

A small amount of salt was added to 
the water in the Cerenkov cell, and a 
inserted to 


metallic electrode was 


monitor the electron current coming 
into the cell, which also served as a 
Faraday cage. The current was meas 


ured with «a 2,336-ohm-impedance 


milliammeter. The same meter was 


used for measuring the photoelectri 
current from Cerenkov radiation 


Discussion 

Che experimental result is given in 
Fig. 2, showing a linear relationship of 
Cerenkov photocurrent and electron 
beam current 

About 1% of the photocurrent from 


the Cerenkov radiation was due to 
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A copy of this quick-read- 
ing, 8-page booklet is yours 
for the asking. It contains 
many facts on the benefits 
derived from your business 
paper and tips on how to 
read more profitably. Write 
for the “WHY and HOW 
booklet.” 


McGraw-Hill Publishing Com- 
pany, Room 2710, 330 West 
42nd St., New York 36, N. Y. 
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FILM BADGE 
SERVICE 


For Beta: 


® Doses measured from 10 mrep to 100 rep 


y or wrist bodges supplied 


For Gamma & X-Ray: 


® Sensitivity—os low as 10 mr per week 


® Dose Range—1!0 mr to 500,000 mr. 


*® Energy Range—50 KVP X-rays to 3 Mev 
rays. Several filters used to esti 


mate effective energy 


gomma 


For Neutrons: 


® Fast and exposures differ 


entiated by cadmium shield 


slow neutron 


® Proton tracks greater than 4 grains in length 
observed at 900X magnification 


® Enough film area examined to measure 
average weekly doses of 50 mrem through 
out one yeor to within 10 per cent. 

@ Professional attention to each evaluation 

@ Permanent legal records of each film. 

@ Positive x-ray identification of film in badge 


HEALTH PHYSICS 
SERVICES, INC. 


Low St., Baltimore 2, Md. 
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METER-RELAYS 


FROM 0-5 MICROAMPERES-UP 
Ruggedized - Sealed, Black Bakelite or 
Clear Plastic Cases 

D’ Arsonval 
meters 
with locking con- 
tacts for sensitive 
and accurate 
control or alarm. 


TRIP POINT AD- 

JUSTABLE to any 

point of scale arc. 

Sensitive to changes 

os little as 1%. One 

contact on moving Model 461-C, 10-0-10 

pointer. The other on Ue DC $83.25 

adjustable pointer. When pointers meet, contacts 

close and lock, Holding coil wound on moving coil. 

Locking is electro-magnetic. Manual or automatic 

reset. Spring action kicks contacts apart. 

Ranges: From 0-5 microomperes, 0-5 millivolts 

or 0-300'F up. 

Standerd Contact Rating 5 to 25 milliamperes 

DC. Can be up to 100 milliamperes DC. 

Ruggedized-Sealed metal coses, 2/2”, 32” or 

4" round, shock-mounted movement, gasket- 

sealed. 

Black Bakelite case, 4)” rectangular. 

Clear Plastic coses, 2'2", 3%” or 412” rec- 
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Panel meters and indicating 
pyrometers also in rugged- 
ized-sealed, biack bokelite 
or clear plastic cases. Write 
for new 40 page Catalog 
4A on meter-relays, meters, 

Model 255-C,0-19 Pyrometers and automatic 
vV DC $42.50 controls. 

Assembly Products, inc., Chesteriand 28, 

Ohio. HAmilton 3-4436 (West Coast: P.O 

Box XX, Palm Springs 28, Calif.) Booth 1323, 

Engineering Show, May 20-23 
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X-rays rather than to the direct elec- 
tron This dark 
the 


beam current was 


measured when electron shutter 
was closed and no electrons entered the 
cell, 

From the straight line in the electron- 
current region of 5-50 ya, the following 


relationship is derive: 
71 logyot, 21 


where lt» Is the photocurrent from 


Cerenkov radiation due to electrons 
corrected for X-rays, in microamps, and 
i, is the impinging-electron current in 
The this 


with experimental] set- 


microamps constants of 


equation vary 
up, and are reproduced within 5% in 
the present conditions 

The logarithmic response to beam 
wide 


This 


behavior is the result of the logarithmic 


intensity is very useful when a 


intensity range is being used 
dependence of the photocell voltage 
upon light when used with a high- 
the 


current had been measured 


impedance load, If short-circuit 
this would 
have been proportional to the Van de 
Graaff current 

Even though the measurement was 
carried out with a high-energy electron 
beam, the device may be easily adopted 
for X-rays and gamma rays of high 
intensity where visible Cerenkov radi- 
ations the 


exist It Is possible that 


photovoltaic device may be coated 
with an insulating transparent film, so 
that it may be immersed directly in the 
Cerenkov liquid cell for expediency. 
It is also possible that a certain spec- 
trum shifter, immune to radiation 
added to 
liquid to ‘‘shift’’ Cerenkov radiation in 
the the 


photovoltaic devices are most sensitive 


damage, may be water or 


u-v-region to region where 


Since Cerenkoy radiation is pro- 


the speed of the 
charged particles is greater than the 


duced only when 
speed of light in the medium, it follows 
that charged nuclear particles directly 
derived from slow or fast neutrons (of 
Mev) will not emit 

This is 


the speed of these charged heavy par 


the order of a few 
Cerenkov radiation because 
ticles is much smaller than that of light 
On the other 


lrom 


in ordinary mediums 


hand, electrons derived gamma 
rays in a reactor usually have a higher 
speed than the speed of light in ordi- 
nary mediums and can be detected by 
In this way, the 
present device detects only gamma rays 
This 


par- 


the present method 


and no neutrons in a reactor 


should be 


measuring gamma 


discriminating action 
ticularly useful in 


flux in a reactor shield 


itrolled Atmosphere 
GLOVE BOX 


A low-cost laboratory” 
for hazardous or 
high purity materials 


For projects requiring controlled, un- 
contaminated atmosphere, the port- 
able Kewaunee CBR system is ideal. 

It operates with a slight positive 
pressure of any selected environ 
mental atmosphere and can be used 
singly or connected with other units 
to form a series of totally enclosed 
laboratories 

The Kewaunee Controlled Atmos- 
phere Glove Box is equipped with an 
all-welded interchange compartment 
which serves as an introductory air 
lock. 

The basic CBR 
volume-produced, stainless steel parts 


unit is made of 
and so is remarkably low in cost 
And you can order many accessories 
to adapt it to your particular needs 
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CATALOG. 
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An industrial periscope is very 
often the answer to hard-to-get- 
at, underwater, hazardous loca- 
tion or Hot-Spot remote control 
observation. Ideal for use where 
heat, pressure or Hot Cell radia 
tion are problems the peri- 
scope offers unsurpassed clarity 
and definition, true color, and a 
long, maintenance-free service 
lite. Attachments are available 
for photo recording all viewed 
material. 


With our wide experience in 
this field, we probably have 
a design to fit your viewing 
problem. Send for Bulletin 30! 
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improved Molybdenum 
Separation Procedure 


By E. M. SCADDEN 


Chemical Technology Division 


u.8 


San I 


Molybdenum is often used as a fis 


ield 
because of its high and well established 


sion monitor*® in fission-5 studies 


fission yield 
The 


cedure for 


classical radiochemical pro 


determining molybdenum 


activity in fission-product mixtures 


is somewhat involved and time-con- 


suming. The procedure can be short- 


ened without loss of radiochemical 


purity and with considerable saving 


in time, particularly if a number of 
analyses are to be performed at once 


The method f 
the following steps 


classical consists ol 


1]. Precipitating molybdenum (VI 


with a@-benzoin oxime and washing 


the 
dilute acid, 


precipitate twice with water or 


the 
molybdenum 


2. Destroying and 
the the 


insoluble molybdie oxide with fuming 


precipitate 
converting into 
nitric acid and perchloric acid, 

3. Dissolving the 
and scavenging with ferric hydroxide 


molybdie oxide 
by adding ferric ion and ammonium 
or sodium hydroxide 

4, Repeating steps | through 3 

5. Precipitating and mounting the 
molybdenum as lead molybdate 

In the modified method the molybde 
num oximate destruction and molybdic 
oxide precipitation are not carried out 
each time but only with the third pre- 
With the first two precipi- 


oximate 18 


cipitation 
the 


dissolved in fuming nitric acid and re- 


tations molybdenum 


precipitated directly. The oxime pre 
cipitate is washed only once per pre 
cipitation, and only one ferric hydroxide 
The 


method consists of the following steps 


scavenge is made, modified 


1. Ten mg of molybdenum (VI) are 
vided to the sample in a 40-ml test 
tube, and the volume is adjusted to 30 
ml and the acidity to approximately 

V Five ml of 2% a-benzoin oxime 
added, and the 


in ethanol are mixture 


* | ( Freiling, L. R. Bunney, N. I 
Ballou, Phys. Rev 96, 102 (1954 

tN I Ballou, in National Nuclear 
Energy Series IV-9, (McGraw 
Hill Book Co., Inc 1051 


paper 257 


New York 


Naval Radiological Defense Lahorator I 


ranciaco, California 


stirred and centrifuged The precipi 


tate is washed with 30 ml of water 

2. The precipitate is dissolved in 3 
ml fuming HNO; the solution is diluted 
to 25 ml with water, partially neutral- 
ized with 1-2 ml of ammonium hydrox- 
ide, and cooled in an ice bath 

3. The 
tated by 


molybdenum is reprecipi- 
the 


stirred 


adding 5 ml of oxime 
The 
centrifuged 

4, Steps 2 and 3 


5. The precipitate of step 4 is dis- 


reagent mixture 1s and 


are repeated. 


solved in 3 ml of fuming nitric acid. 
Three ml perchloric acid is added, and 
the 


until the perchloric acid starts fuming 


solution boiled down (caution!!) ft 


and 30 sec longer. Then the mixture 
s cooled 

6. Ten ml of water and | mg of ferric 
added; then ammonium or 
hydroxide is added the 
molybdice oxide dissolves and ferric hy- 


ion «are 
sodium until 
droxide has precipitated. The mixture 
is filtered through any fast filter paper 
such as Whatman 4 or 41. 

7. The molybdenum is then precipi- 
tated as lead molybdate in the usual 
manner 
yield is 70-75%. A 
~ 1Q' 


The chemical 


uranium solution containing 


fissions/ml was analyzed for molybde- 


num & days after bombardment. 
Three 
were analy zed 


the The 


molybdate precipitates were mounted 


l-ml and three 0.5-ml aliquots 


withdrawn and using 


modified procedure. lead 


on brass planchets and counted on the 
from the counter 
cm? Al 


ibsorber using a gas-flow proportional 


second shelf (O.81 in 


window) through a 13.05 mg 


counter The counting rates were cor- 


rected for chemical yield, aliquot, and 
decay rhe 
the mean was 0.8% 
The activity of the 
followed for 10 days; each 


i half-life of 66 hr 


standard deviation from 


samples wis 


showed 
ind no apparent 
contamination 

t There is a great deal of frothing wher 
boiling down molybdenum oximate-fuming 


nitri u id-perchlorw iwcid solution care 


sust be exercised not to boil the solution 


out of the test tube 
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TECHNICAL BRIEF 


Radiation-resistant, photosensitive 
plastic. A plastic having a plasticized 


loyvinyl chloride base—sensitive 


to 


iltraviolet radiation and relatively 


nsensitive to gamma radiation—has 


been developed by Ferro Chemical 


Corp. under Signal Corps contract. 


Che plastic provides a simple, fi 


ist 


neans for printing photographic nega- 


tives without the usual darkroom a 


nd 


developing chemicals. It is exposed 


to the negative using a u-v source a 
developed in an oven at 32( 


350° F in 5 min. The exposure ¢ 


nd 
) 


an 


be made under ordinary room lighting 


conditions. Pictures are clear, dur- 


able vaterproof, and stronger th 
paper prints 
Limited tests show that 2.0 


roentgen Co irradiation and 1,7( 


an 


0- 
K)- 


roentgen irradiation with 65-kv X-rays 


produce only slight darkening 
developing No effect is detect 
below LOO roentgens. 

Image formation depends on he 
legradation of polyvinyl chlor 
which produces conjugated polyer 
tructure These structures, wh 


at 


le, 
ic 


en 


ufficiently concentrated and of suffi- 


cient conjugation length, produce 


darkening and discoloration of t 


ua 


film Certain dyes—e.g., aromatic 


compounds of the quinone type 


modify or intensify the color produce 


Certain catalysts—e.g metal com- 


pounds, in which the metal ts of t 
type used in Friedel-Crafts reactions 
iccelerate the degradation 

Physical properties, such as hardne 


i 


he 


SS 


nd tensile strength, have not been 


ted 
The plastic called Calimar, 


tilable in experimental quantities. 


is 





NEXT MONTH 


NUCLEONICS 


will feature a special 
report on 
“Simulation and 
Computation in 


Nuclear Engineering”’ 
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The famous KINNEY KMB 
Mechanical Booster Pump 
which develops pressures to 
0001 mm Hg 


When you know precisely your Vacuum requirements or 
when the problem is not so readily defined KINNEY rep 
resents your best chance of resolving the matter correctly, 
quickly and economically 


With the world’s most comprehensive range of High Vac 
uum Pumps, KINNEY obviously offers a virtual prescription 
selection. There are single-stage Simplex and Duplex 
models to develop pressures to 10 microns. . .Compound 
models for work in the order of 0.2 micron . . . and finally 
KINNEY Mechanical Booster Pumps that reach ultimate 
pressures of 0.1 micron. 


Beyond this unparalleled array of High Vacuum Pumps, 
KINNEY offers complete Vacuum Systems . . . Packaged 
Pumping Units, High Elevation Chambers, Packaged 
Power Units, Vacuum Furnaces, Evaporators, Ovens and 
Cathodic Etching Equipment. And finally, a full range of 
Fractionating and Non-Fractionating Diffusion Pumps, 
Valves and Baffles, Gauges, Leak Detectors and other Test 


equipment 
KINWNEY mrs. vivision 


THE NEW YORK AIR BRAKE COMPANY ° 
36140 WASHINGTON STREET . BOSTON 30 + MASS 


WRITE: 


Ahn ee ae 


Kindly send me your latest literature describing new developments 


in 
KINNEY High Vacuum Pumps 
KINNEY High Vacuum Systems 
KINNEY High Vacuum Components 


KINNEY High 


Vacuum Pumps, 


Systems and Com- Name 


onents . 
P Company 


Address 


! 
! 
| 
| 
| 
| 
| 
information on | 
| 
| 
! 
| 
| 
! 
| 


City State 





AFTER INCIDENT Godiva critical assem- 
bly shows effects of thermal 
Note broken support 
pieces of U hanging 
circled) 


shock 
steel rods and 


left (shown 


: 


en =~ . 


: 


Godiva Wrecked at Los Alamos 


motion of 


As a result of the 
the Lo Alamo 


metal 


inn itie 


dental neutron reflec 
tor, Godiva,* 
unreflected | 


large prompt-eritical burst 


eritical issemb!] of bare 


underwent a cond unexpected! 
last Februar 12 his burst 
ruptured uranium screws tl held 


ubunits together 


deformed the uranium surfaces, oxidized their 
and broke lighter stee! 
of the burst 


an earlier 


suriaces 
Phe estimated magnitude 
ihout twice that of 


upport 
12 xX 10" fi 
Februar o 


largest expected burst 


Wits Sion 


1054 


fecause of the quarter-mile dis 


incident ind six times the 


tance between Godiva and laboratory areas, the 


Neigh 


eontrol 


incident led to no detectable per 


sonnel exposure 


boring equipment was not harmed 


Godiva was being used to irradiate uranium-loaded 


graphite to determine the behavior of this material after ex 


posure toa sudden wave of neutron Apparently the poly 


ethylene-encased graphite shifted closer to the critical as 


hift’ in 
back 


sembly than intended Phe position caused the 


polyethylene to reflect’: neutrons into the critical as 


sembly, increasing the el ind resulting in the 


* Godiva was describe 
10, 48% (1055): more deta ! : o 4 
Nuclear Science and Engines 


to Dr 


i} ax N veLeonices 13, No 
Newby 
» are indebted 
Paxton for thi aé 





sudden increase in | he roduced the thermal shock 
sembly 

Godiva ! originally 
had 


the stud of it 


in the as 
Tl ho igh 


purpose it 


ntended for the 


pecou 


neutron irradiation facility 
properties was completed several years 
Because of continuing demand for irradiations, the 


immediate plan is to re Godiva by a bare uranium 
nbl that ha 


product on 


place 


been designed specifically for burst 


Some features of the ne machine, aimed at 


increased reliability of 
inflexible 


rod 


operation, are: rigid mounting 


geomet nbination gross-mass-adjustment 
ind auxiliar ( I fixed wetivity 


burst 


value re booster for 
to establish 


objects to be irri 1 


generation, a ¢ minimum spacing ol 


ind i remotely-positionable 


neutron sources 


(yodiva operations irted in August 1951 were first 


directed at calibration and neutroni 


tudy of 


measurements 
The re 


more 


eventually including a prompt bursts 


were some ear! ind many 


Thus, the 


During 


requests for irradiation 


when burst was demonstrated 

facility gradual 
its lifetime 1 produced 1,060 bursts, and 780 
level” delayed-critica 


~ 10" 


produc tion 


transition to a radiation wis 


Codi high 


irradiations, both kinds averaging 


Missions ¢ 


OXIDIZED COMPONENTS of Godiva were knocked 
from sphere by thermal shock. Bar on left was actually 
lengthened by instantaneous pressure 


BEFORE INCIDENT three sections could be 
brought together to form bare critical mass 
in form of 6°;-in.-dia sphere 





NUCLEAR ENGINEERING 


Air-Drying System 
for EBWR Turbine Seals 


An interesting new application of 
is found in the 
Water Reactor 
team plant now in operation at the 
Argonne National The 
KBWR  air-drying moisture-re- 
cove! the 

valuable moderator and the eseupe 


the 


r-arying 


equipment 
ixperimental Boiling 
Laboratory 
and 
will loss 


system prevent 


radioactivity to atmosphere 


drying system is automatic and 


ote-controlled it 
other 


should prove 


nuclear applications 


ipors must be captured 


Necessity for Dry Air 
The EBWR differs 
ilear power cycles in that the heat 
the 


from other 


energ developed in reactor is 


d in the form of high-pressure 
gh-temperature steam directly to 


The 


moderated for the present with light 


the turbine reactor will be 


vater, but it is planned to use heavy 
vater at an early date to gain full 


reactor efficiency. At an estimated 
$200/gal for heavy water, conservation 
essential 


\ in 


nstallations, a 


will be 
conventional steam-turbine 
small amount of air 
+6 in. H.O is allowed to bleed into 
the 


outward of 


ystem at turbine seals to 
steam 


the 
To prevent 


ent leakage 


iis air is later removed from 


stem by an air ejector 
the dilution of the heavy-water mod- 
erator by atmospheric moisture brought 

it the seals and to prevent the loss 
the air 


water contained in 


by the air ejector, an air- 
drying included in the 
EL BWR Moisture re 


ery from the air ejector is essential 
two first 


system 18 
power evel 
reasons to prevent the 
radioactive elements in the 
the 


cape ol 


vater ind second, to conserve 
water 

In a conventional steam generating 
of the EBWR 
le, an inleakage of 50 |b/hr of air 
This 


vould occur principally at the turbine 


cle of the capacity 


ild be considered normal. 


| 


inds where a small amount of in- 


eakage is tolerated to seal the steam. 
Assuming that this air were permitted 


to enter the system at 75° F and with 
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By EDWARD L. YOUNG 
Nuclear Power Department 
Allis-Chalmers Manufacturing Co 
Vilwaukee, 


WW isconain 





8 th stoge 





system steam(< psig 


| 
| 
| Seo! vent | 
| 


4 




















FIG. 1. Seal for high-pressure end of EBWR turbine shoft 


70%, there 
15.8 lb/day, 


system If air 


humidity of 


0.66 Ib/hr, or 


a relative 
would be 
of water entering the 
is permitted to enter the system, is 
~110° | 


to the atmosphere, as 


vented 
the 
system, the 
from the EBWR 
This 
operating 


cooled to and then 


would be 


case in a conventional 


loss of heavy water 


system would be ~71 Ib/day 


amount to a fixed 


$2 000 /day 


would 
“ hich 
the 


about 
the 


cost of ap- 


proaches ilue of power 


produced 


Turbine Seals 

The type of seal deve loped for the 
5 000-k w 
ig. | 


turbine is illustrated in 
The seal is standard except 
for the addition of a third chamber to 
the 


mospheric air It 


inward of at- 
three 
each separated by a series 
baffle 


radial 


prevent leakage 


consists of 
chambers 


of spring-backed rings which 


form a series of restrictions 


between shaft and casing 


Dry air at a pressure of +6 in 


water gage is applied to the first 





( entrifugol «f 
biowers 





Heater 


ventrifugal 
blower 


Activated 


Secondary 
vent condenser 


vent condenser 








i} 


a 
) ‘, 
. alumina , ; 
z adsorber s +h 
4 ° + 
Primory 4 ae 
. 


Lig J 
| Activated 
Jluming 


| adsorbers 
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Condenser Control volves 








FIG. 2. 


Schematic diagram of air-drying and moisture-recovery system 





see ee eee 


“see ee eee eeee 


oeeee 


Seseeeeeseseeeees 


To that rare breed of men who can 


*“see’’ the shape of things to come: 


We can use your ideas in 
Large Rocket Engineering 


We have a small but heavyweight group here at Rocketdyne 
known as the Preliminary Analysis & Design Section 

These are our idea men. It’s their job to see the Big Picture 
to approach outer-space projects witheut earthbound prejudice 

to anticipate problems and sense the likeliest ways to solve 
them. They are qualified experts in a broad range of fields. Some 
have extraordinary imaginations; others are brilliant analysts; 
but all share the ability to hit the highlights without becoming 
enmeshed in the details. In short, they are scientific skirmishers 
who scout each new challenge—then summon research and 
development specialists to meet it 

If this sounds like your kind of group, you may be the very 
man we're seeking for one of the several jobs now available. We 
can't describe them in detail here, but they include Controls 
New Concepts (nuclear and ion applications), Preliminary 
Design, Fluid Mechanics, Heat Transfer, Engine & Missile 
Systems, and Military Operations Analysis 

We can use men with advanced degrees and solid experience 
in control systems and power-plant design. If you are a young 
engineer or physicist with an M.S. or Ph.D. and an analytical turn 
of mind, we can offer on-the-job training in many pioneering 
fields where experience is practically nonexistent. 

Please tell us about yourself—what you've done... what you'd 
like to do. Write: A. W. Jamieson, Rocketdyne Engineering Pe 
sonnel Dept C-4, 6633 Canoga Ave., Canoga Park, California 


ROCKETDYNE I 


BUILDERS OF POWER FOR OUTER SPACE 


chamber The second chamber is 
maintained at 6 in. water gage 
vacuum. The third chamber is main- 
tained at a pressure of 44-2 psig with 
steam. As a result, dry air will leak 
outward from the seal at a flow suffi- 
cient to prevent leakage inward of 
atmospheric air. This same sealing 
arrangement, with slight modifica- 
tions, is applied to the reactor feed 
pumps, turbine horizontal joint flange, 
and other points where leakage may 
occur, 

About one-half of the air supplied 
to the seals is recirculated air from 
the vacuum side of the seals which 
has been dried to a dewpoint of 10° I 
Makeup air is taken from the atmos- 
phe re and dried to the same dewpoint 


Air-Drying System 


The system was designed to be 
located within the gastight enclosure 
that surrounds the entire reactor and 
generating equipment Figure 2 shows 
how the system works. The air-and- 
steam mixture from the seals, as well 
as from the condenser air ejector 
enters the air-drying system at the 
primary vent condenser where ~90% 
of the vapor is condensed from the 
mixture. The air then passes to the 
refrigerated secondary vent condenser 
where more of the vapor is condensed 
Air leaving the secondary vent con- 
denser is at a controlled temperature 
of 40° F and flows to the activated- 
alumina adsorbers where it is dried 
to a final moisture content of less than 
0.5 grains lb of dry ai 

Makeup air from the atmosphere 
enters the system through a refrig 
erated cooler that lowers the tempera 
ture of the air to ~40° F From 
here the air flows through a second 
set of activated-alumina  adsorbers 
where the moisture content of the 
iir is reduced as before 

To maintain a flow throughout 
the entire system, totally enclosed 
centrifugal blowers are provided 

The two sets of activated-alumina 
adsorbers consist of two units each to 
permit one unit to operate while 
the other is being reactivated. Re- 
wtivation in the primary moisture 
recovery section is effected by a 
centrifugal blower, an electric heater 
ind a water-cooled condenser, de 
signed to dry the alumina in ~8 hr 
Moisture removed by the condenser 
is returned to the system 

In the makeup-air section, the 
heaters are built into the adsorbers 


Air forced through the unit under 
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PEOPLE 


This division offers the atomic industry the teamwork of a 
wide variety of highly skilled personnel, including mechanical, 
metallurgical and welding engineers, fully qualified to assist 
in developing Classified and commercial projects. They are 
supported by expert inspectors and quality control people 
who insure close adherence to all specifications, 


KNOW-HOW 


Among the many products being turned out by this division 
are specially shaped control rod channels, assembly channels, 
ind control rods; also reactor components produced from 
heet, bar and plate in squares, hexagons, rectangles or 
rhombuses, all produced to very close tolerances. The Nuclear 
Products Division is currently serving many of the key 
manufacturers in the atomic energy field. 


About the 


NUCLEAR PRODUCTS DIVISION OF 
SUPERIOR TUBE 


For design and construction of intricate reactor components of special types 


TOOLS 


Equipment includes a modern vacuum welding chamber; a 
variety of hydraulic presses ; facilities for atmosphere, vacuum 
furnace and salt-bath heat treating; swaging machines; high 
pressure-and-temperature autoclaves for corrosion testing; 
pickling and rinsing baths; milling, turning, shaping and 
planing machines; and modern final inspection equipment, 


SERVICES 


These include help in the design of reactor components; 
design and construction of intricate tools and fixtures to 
fabricate reactor components; development of manufacturing 
facilities after the prototype has been fabricated. Many 
materials are utilized, including the reactive metals—titanium, 
zirconium and their alloys. We also supply tubing for many 
atomic applications. 


For information on our Nuclear Products Division or tubing for atomic power, 
KR 


write Superior Tube Company, 202 


Germantown Ave., Norristown, Pa 


woervar lide 


The big name in small tubing 
NORRISTOWN, PA. 


All analyses .010 in. to % in. OD—certain analyses in light walls up to 24 in. OD 


West Coast: Pacific Tube Co., 5710 Smithway St., Los Angeles 22, Calif. « RAymond 3-133] 
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The billion-fold amplification of 
the image left by light in silver 
halides, a problem which has 
interested many scientists, is 
only one of current problems 
being attacked by Technical 
Operations, Incorporated Your 
association with Technical Op- 
erations’ scientific staff can 
mean comparable amplification 


for your career as a 
Physicist 
or Mathematician 


It can also mean 


« management by scientists 

« long-range security 

¢ unusual joint company-employee 
Savings plan 


Senior scientists will find limit 
leas opportunity in experimental 
research and development-—in 
chemistry, physics, nucleonics 
and electronics. Challenging 
positions are available in the 
oretical work in physics, opera 
tions research, and other fields 


*Dr. Bernard Manning, of Technical 


Operations’ Chemistry Group 


Koller 


TECHNICAL 
OPERATIONS 


INCORPORATED 
Research and Development 


for business, industry and government 


address: Robert L 


6 Schouler Court 
Arlington 74, Massachusetts 
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| cooling period making a 


the at 
Each unit requires a 4 hr 
total 


reactivation is vented to 
mosphere 
reac- 


tivating cycle of 8 hr 


Control 

During both startup and operation 
of the system, all vacuum and pressure 
by 


trollers and three air-operated control 


functions are assumed two con 


valves. The positive pressure at the 
discharge of the system is maintained 
by a control valve at the discharge of 
the makeup-air adsorber and a relief 
These 
a split range 


valve at the system discharge 
two valves operate on 
and are actuated by the makeup-air 
controller. The makeup-air controller 
measures the discharge pressure and 
out 
to 


adjusts the flow of air into or 


of the system at a rate sufficient 
maintain the preset pressure. 
Vacuum at the inlet to the system is 
maintained by a control valve at the 
discharge of the moisture-recovery ad 
sorber A vacuum controller measures 
suction at the primary vent condenser 
and adjusts air flow through the mois 
ture-recovery system so that the preset 
vacuum is Both 
the the 


vacuum controller are of the propor- 


maintained there. 


makeup-air controller and 
tional type with automatic resets 

All pressures and vacuums are main 
tained automatically by the system of 


Re- 


eycling of the alumina adsorbers is 


valves and controllers described. 


automatically controlled by a system 


relays, and needs no 


the 
perature of the air leaving the coolers 


of timers and 


attention from operator. Tem- 
is automatically maintained. 

These automatically controlled com- 
ponents are provided with alarm signals 
in the control room As a further safe- 
guard against possible system failure, 
refrigerant com- 


a spare blower and 


pressor are provided, together with 
automatic controls for their operation 
in the event that the preset limits of 
and are not 


pressure temperature 


maintained 


Capacity 
The 


system has a capacity of 150 lb/hr of 


air-drying and fiuid-recovery 
air from the seal vents and can supply 
150 lb/hr of dry makeup air 
also designed to handle an additional 


100 lb/hr of air and vapor from the air 


It was 


ejectors during system evacuation 


These flow rates include a large factor | 
of safety so that future additional com- | 


ponents can be served without changes 


in the air-drying system 


f 


Wud 


FOR SCINTILLATION & 
PROPORTIONAL COUNTING 


NON-OVERLOADING LINEAR AMPLIFIERS 
Models 108 
& 108P 
Gain 40,000 
continuously 
variable 
Rise 0.2 mic- 
rosec 
Accept + and 
— pulses 
TREMENDOUS DYNAMIC RANGE Exceeds 1,000,000 
(0.1 mv te 100v) 
Besed on improved Chase-Higinbotham design. 
Excellent linearity for small pulses in the presence of 
tremendous overloads thet paralyze other amplifiers. 
PULSE HEIGHT SELECTOR (Supplied only on Mode! 
108P)—Precision trigger-type. 


PRECISION HIGH VOLTAGE SUPPLIES 


ere Se 


Medel 515 
(Positive and 
Negative) 


500-1500 volts, | m.a. (2 m.a. to IKV) 
Coatinuously variable 
Polarity switch makes this highly regulated 
supply equivalent to two separate precision 
instruments 
Drift less than .01% over several hours; les 
than .02% per day. Regulation .0002% r 
Te ss in line voltage for line voltages os 
tween 70 and 140 

® Precision voltage divider (0.1% resistors) for 
precise reading of output voltage 

© 44” panel meter. Dual teflon connectors 


Model 108 
Model |108P 


Amplifier 

Amplifier (includes pulse 
height selector) 

Amplifier (gain of 1000) 
Mercury Pulse Generator 

HV Supply (500-1500 volts) 
HV Supply (1000-4000 volts) 
Sliding Pulser 
(prices FOB Silver Spring) 


RADIATION INSTRUMENT CO. 


*.0. BOX 733 SILVER SPRING, MARYLAND 


Model 112 
Model 40! 
Model 515 
Medel 540 
Model 412 


ictonic 


Gadolinium, Gadolinium chlori 


4 | { 


“4a ( 
. , 

t iolar 

illium « 
y 


agi actone, ila 

VE taa Lat 

i all ici 

rw lium nit 
] ic 


anin, Gallopheni 
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DELTA CHEMICAL WORKS, Inc. 
23 We th | ew York 23,N. Y 
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Diphenyl as a 


Thermodynamic Fluid 


By D. C. PURDY 
j Developn t Pepartment 


/ 


ent interest in the use of diphenyl 


; 
tor 


oolant has served to make 
This 


ften leads to suggestions 


famul 
that 
find additional uses in 
This 


“ ith one 


perties ft iar 


ower plants irticle 


tself such sug 
sing dipheny! as the working 
heat engine 
turns out, this is not a new 
the 1930's, two articles on 
British 


time 


ect appeared in the 
.. - Also, for a 
Chemical Co. attempted to 
the use of diphenyl’s near 
in binary heat-engine 


these 


therm 
None of suggestions 
t, apparently because the 
goal—increased thermal effi 


achieved more = simply 


the use of higher steam tem 


erature ind pressures 


Potential Applications 


This article presents the results of 
ew investigation into the use of 


| as the working fluid in a 
ngine This information should 

be of interest at this time for 
asic reasons First, experience 
Moderated 


ment may lead to consideration 


the Organi Reactor 
boiling-diphenyl reactor, similar 
ciple to the boiling-water reac- 
Second, diphenyl may prove 
lvantageous as an intermediate 
r liquid-metal-cooled reactors 
| will not react violently with 
etals such as bismuth, sodium 


K. nor does 


t react with water or 


Limitations 


Diphenyl, of course, has certain 


itions as a thermodynamic fluid 
decomposition will limit the 
rature of diphenyl cycles to 
the neighborhood ol 
Radiation damage ma. 
problem where a thermo 
cle involved than where 
| 


simp i i coon 
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because of ! { l vapor pressure 
In addition 


Thermod) 


s inflammable 
liphenvl re 
sembles steam u i woth the liquid 
ind vapor pha nceountered in 
the cycle, and } at most commonly 
ised are below the critical 
A substantial portion of the 


both 


pressures 
pressure 
heat 


dipheny] evel aly 


absorbed n steam and 


orbed during 


boiling 


Dipheny! Cycle 
\ typical diphenyl cle 


shown 
superimposed on diphenyl! satura 


tion curve in Fig. | The peculiar 
slope of the curve separating the super- 
heated 
region 
this 


superhe ated as 


region from the saturated 


should be noted Because of 


slope, diphenyl becomes more 
t expands through a 
Aliso. at any 


haust pressure 


turbine reasonable ex 
the dipheny! tempera 
much 


ture at the turbine exhaust is 


than that in the condense! 


that 


eveles can 


higher 
Thus 


encountered in ga 


similar to 


regeneratior 
turbine 
he used 


The efficien ind 
volume flow 


turbine-exhaust 
calculated for satu- 


were 


rated diphenyl! cycles with various 


initial temperatures Three efficiency 


curves were derived (Fig. 2): one for 


c 


zero regeneration, one for S5% re 


generation, and one for pertect 


generation 4 turbine efficiency 








——— 


FIG. 1}. diphenyl cycle (solid) 
superimposed on dipheny! saturation curve 
(dotted) 


Typical 


PROMPT 
DELIVERY 


A GRAM 
OR A CARLOAD 


OXIDE 


(SEVERAL GRADES) 


FLUORIDE 


NITRATE 


AND OTHER SALTS 


GADOLINIUM 
SAMARIUM 


EUROPIUM 


AND OTHER 
SEPARATED 
RARE EARTHS 


WRITE FOR TECHNICAL 
DATA 


World’s largest 
producer of rare earth and 
thorium chemicals for commercial 


atomic energy use and industrial applications 


[JNDSAY (HEMICAL (OMPANY 


272 ANN STREET, WEST 


s1CAOC 


109 








AUTOMATIC ~"” ‘CONTROL | inl 


with the NEW LDL. set 


FIG. 2. Dipheny! cycle efficiency as a 


AUTOMATIC TIMER UNIT ryre No. 590 ee et a 





























It controls the counting is assumed, and pressures drops 
ougho he « : vere ignored 
period of the Scaler, Type No ighout the tem were ignored 
I yvele efficiencies shown can be 

500 and Pre-Scaler, Type No. 50! yo rr we 
ee 4 3 es corrected for other turbine efficiencies 
with an accuracy of better than orrection for other regenerator effe« 


0.25",, maximum scale reading can be made by interpolation 


Standard range 0-100 seconds eg 1: “j Pee ig 4 he thermod rine properties of 

but available in 10 other ranges Be ut : ql ivi et ! e calculations, ex 
( pecif olume, were from the 

up to 0-24 hours 

erature 4 } Specie olume 


the superheated region Was calcu- 


procedure introdue a possible 30% 
ISOTOPE DEVELOPMENTS LIMITED z lntvations 2 poveihle 30% 
or in the ol ne ow ¢ euk 0 
BEENHAM GRANGE, ALDERMASTON WHARF, I i Utne Liculation 
Nr. READING. BERKS. TELEPHONE WOOLHAMPTON 451/73 


LONDON OFFICE: 120 MOORGATE, LONDON. €.C.2 Assumptions 


TELEPHONE METR AN 964 


Full detaita fran ited using the perfect-gas laws This 


Che turbine efficien Vas assumed 

»% because a diphenyl! turbine 

be somewhat more efficient 

i steam turbine since its volume 

7 quite high and there is no 

REACH, GRASP, LIFT ture problem to contend with in 
anywhere in hot cell : he last few stages. On the other 


The General Mills Mechanical Arm in ind, its effieien ae not be so 
creases many times your strength and os » LOM 5 a is turbine’s, because the 
dexterity, enables you to perform heavy & lume flow 
duty, delicate or intricate tasks with ; 
equal ease —remotely 


rate varies over a wuice 
from the first to last stages 

f regenerator Hectiveness Was 
e Lift and carry 750-/b. loads an whe ; 
( 


° Handle delicate equipment ; umed to be 859 rhis figure 


« Assembie complex machines based on calculations whicl 


Fully coordinated, pistol-grip con : owed ti g 
trols are easily mastered. Adaptable 
to telescopic or television viewing 


YY, regeneration re 
in a regenerator of reasonable 
easily mounted on crane or vehiclk : 1 . Zi (;as-turbine experience indicates 
t this result ) i be expected 
it transterin aay Vi regenerator 
he hetter in that in an al 
nerator sinet fluid in the cold 
effect of pressure 
ork Was ignored 
tions lor eon 
igible 
especial 
cycle stucies 

condenser vacuun 
ts the lower te 
the cycle One 


major mitations of diphen | is 


Vapor pressure which requires 


MECHANICAL DIVISION 


4 


al Avenue e Minnear ‘ ; extraordinarily low condenser pressure 


to permit reasonable condenser tem- 


April, 1957 - NUCLEONICS 





this study, it was found 
ibout as low as one 
LD1' expect to use \t 
the turbine-exhaust vol- 
ibout the same as that 
turbine see Fig. 3) 
tpi hiower condense! 


! gequire a larger turbine 


Binary Cycle 
tension of the work deserbed 
iry cycles using diphenyl 
gh-temperature fluid, and 
temperature fluid 
a It was hoped that 
ould lead to increased 
In this type of 
phenyl loop can be re 
intermediate loop with 
omponent—the turbine 
irrangement, a thermo 
intage can be gained 


tence of the intermediate 


portions of the binary 
milar to the cycles with 
ration, except that the 
ire has been raised to 
team cycle uses satu 
it 200 psi with a con 


ol , I 


4 in. Of mereur; for Super-Fine Cutting 


iiternate arrangement 


yeneration in the ali 


| using superheated of Hard, Brittle Materials... 


ected because it would 


—— the 
Sete ee Industrial Airbrasive® Unit 


re of 200 psia 
i! dipheny] 
Many delicate industrial cutting and abrading operations 
once considered impractical or downright impossible — are now 
easily accomplished with our Industrial Airbrasive Unit. 
Developed from the Airdent” equipment made by S. S, Wutrt 
for the dental! profession, the unit gas-propels a concentrated 
stream of abrasive particles at high speed for a fast, 
cool, shockless cutting action. 
The unit can be used in wire-stripping . . . calibrating . 
to remove surface deposits... etch glass... cut germanium 
and other crystalline forms or to etch, drill and 
light-debur hard, brittle materials. 
Every day, many different industries find new uses for the 
Airbrasive Unit. Perhaps it can make your own manufacturing 
Dipheny! cycle volume* flow as a process easier, less expensive! To see what the Airbrasive 
il temperature Unit will do on your product, send us sample parts and details. 

For further information, just write to 


First Name in Airbrasive Cutting 





tic 


vision, Dept. 165A, 10 East 40th Street. New 
Efficienc y of dipheny! stearr binary ffice: 1839 West Pico Bivd.. Los Angeies 6. Cz 


ycle 
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did 


efficiency see 


the « le 
the 
Accordingly 


pressure not influence 


Fig 4) or steam 


volume flow appreciably 


all subsequent calculations involving 


different initial diphenyl pressures 


were performed with a constant steam 


pressure of 200 psia A steam-turbine 


' , 
16° 


chosen As in 
the effect of pres 


efficiency of > Was 


the dipheny! cyel 


Conclusions 
Diphenyl appears to permit ther 
modynamic cycles with reasonable 


flow 


pressure assumed 


thermal! efficien and volume 


With the condenser 
in this study, steam turbines using the 
same initial temperature tend to have 


better efficiency If lower condenser 


pressures prove feasible, the dipheny] 
turbine may equal the efficiency of 
the steam turbine If it fits in the 
over-all plant better, diphenyl might 


be substituted for steam 


| Pal ol pat diphenyl-steam binary 
cycle will yield excellent thermo- 
dynamic efficiency It may be a 


logical choice where the reactor plant 


requires the use of an intermediate 


loop 
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Stainless steel reactor vessel was built by ALCO, along with many components 
for APPR (inset cutaway). ALCO also served as prime contractor on plant 


PROVED NUCLEAR COMPONENTS FROM ALCO 


ALCO components for nuclear reactors are result of long thermal and 
nuclear experience; proved in operation of various atomic projects 






ALCO has built heat exchangers for the EBR, SIW, S2W, PWR and SRE 
te! is well as most components, including control-rod drives and piping, 
\PPR-1. ALCO components were also installed in the first two Han- 
ra eactol 

ALCO’s extensive experience is one explanation for the success of its com 
nent these programs. For many years it has been a leading supplie: 

ment to the power and process industries 
ALCO’s continuing research is another explanation. To keep ahead, ALCO 
ts own criticality facility —the first privately owned installation 
ntry —and complete welding, heat-transfer and mechanical labora 
electronic computing center is maintained at ALCO to provide fast, 


in electro ALCO PRODUCTS, INC. 


ALCO can help you in your nuclear project. Consult your ALCO sales office, 
Thermal Products Division, Dept. NC-1, P.O. Box 1065, Schenec 
) Sales Offices in Principal Cities 


NEW YORK 


Atco Nuclear Components 


reactors core removal and handling equipment 
reactor vessels regenerative and non-regenerative 
control-rod drive mechanisms exchangers 

pressurizers liquid metal exchangers 

steam generators decay exchangers 

core support structures special heat-transfer equipment 


Diesel Engines: Nuclear Reactors: Heat Exchangers: Springs « Steel Pipe « Forgings : Weldments « Oil-Field Equipment 


M1238-1818 — Range 
distance 9 to infinity 
to 24” working distance 
reads to 3 minutes of arc 


18” x 18”, working 

Reads to 0.001" up 
Protractor ocular 
Image is erect 


Cut inspection 
time in half 
with new Gaertner 

Coordinate Cathetometers 


These convenient, reliable optical 
instruments permit making precise co 
ordinate measurements in a_ vertical 
plane. The two dimensions are measured 
with one setting, object does not have 
to be rotated. Inspection time is cut in 
half and resetting errors eliminated 


Versatile Gaertner Coordinate Cathe 
tometers are ideally suited for precision 
measurements on large objects; also ob 
jects or points in recessed, remote, or 
inaccessible locations. Applications in 
clude measuring jet engine sections. 
complicated castings, printed circuits, 
bolt holes and bosses on large piece parts 
traces on cathode ray tubes, et« 


Because these are optical rather than 
mechanical measuring instruments, you 
make non-destructive measurements 
without contact, distortion, or concern 
about pressure being applied to the ob 
ject when making a setting. Instruments 
available in English or Metric system 


M1236-446— ——» 
Horizontal range 6", 
vertical range 4”. 

Reads to 0.0001", 

working distance 5” 

to infinity. 


M1236-22 


> 


— 
Range 2 
to 0.0001 Working 

distance 5"' to infinity 

1? mm 


x2 reads 


Shown witt 
mounting rod, and withou 
telemicroscope. Instrument 
permits precise coordinate 
movement of other objects 

sch as photo cells 
probes, etc in place 

f 


lemicroscope 


Write for Bulletin 188-53 


The Gaertner 
Scientific Corporation 


1257 Wrightwood Ave., Chicago 14, III 


Telephone: BUckingham 1.5335 


APPLIED RADIATION 


ASTM to Evaluate 
Radiation Testing 


Radiation doses are currently expressed in roentgens, 
reps, ergs/gm, rads, watt-hr/gm, gammas o1 particles 

cm? and various combinations of these and other units 
The confusion created by such diversity is part of the subject matter to which a 
subcommittee of the American Society for Testing Materials is addressing itself. 
The group is a joint subcommittee of Committee D-9 on insulating materials 
and Committee D-20 on plastics and it will attempt to standardize radiation 
tests and descriptions of them. D.5. Ballantine of Brookhaven National Labo- 
ratory is chairman of the subcommittee 


The subcommittee has divided its interests into five categories: nomenclature 


and definitions, dosimetry, correlation of various sources of radiation, effects of 
total 


Roanoke, Virginia, concerned itself largely with dosimetry and made plans for 


dose and dose rate, and post-irradiation effects. A recent meeting at 


future attempts to evaluate methods of dosimetry and compare their appropri- 
iteness for different types of problems 

It is the suggestion of the subcommittee that radiation doses be expressed in 
at least until the matter 


gin ergs of energy absorbed per gram ol sample 


been considered further 


ergs 
has 
sidering the advantages of rads, megarads, and the like. 


Meanwhile the nomenclature section will be con- 
The main advantages 
of these units are current acceptance and ease of expression. 

People who are interested in the work and those who have contributions to 


make to the program are invited to contact the chairman, 


| p to the end of 1956 3,663 United States organiza- 


AEC Evaluates Its 
lsotope Program 


tions and individuals had received licenses to have and 
use byproduct radioisotopes. This is one of several 
figures presented to indicate the size of the radioisotope program in a recent 
report prepared by the Atomic Energy Commission for hearings of the Joint 
Congressional Committee on Atomic Energy 

The potential market for thickness and density gages is only 10% saturated 
Another 
The 


according to the report. Currently there are 3,375 licensed gages. 
unsaturated application is the use of low-level tracers in process control. 
report points out that this use is just emerging from the experimental stage. 

tadiography is an important application with about 500 organizations using 
isotopes for this purpose. It is estimated that the cost of isotope radiography 
is 14-14 of the cost of X-radiography. This and other cost figures of the report 
are from a spot check based on interviews with industrial users of radioisotopes 

The medical profession leads all other groups in number of licensed users 
Further proof of the importance of medical applications is in the estimate that 
800,000 persons are treated with radioisotopes each year for diagnosis, therap) 
or both. 

An attempt is made to estimate the future need for Co and Cs" 


to Co” 


SOUTCECER 


Conversion of all conventional therapeutic X-ray machines units is 


envisioned. This would require ~2 X 10° curies in 2,000 sources in 5 years 
Che world’s Co® requirement in 1966 is estimated as 4,000 sources at an average 
of 1,000 curies each. Cs!’ is described as being almost as good as Co® thera 
peutically and having advantages in ready availability and long half-life 
Private industry is taking a more active part in the radioisotope business than 
Nearly 100 private firms 
ind there is evidence that private isotope production is imminent 
listed at the end 


for medical purposes, 


formerly are engaged in processing radioisotopes 

The following needs for future instrument development are 
of the report: (1) volume production of inexpensive counters 
2) small sensing elements no larger than a pencil eraser for brain probes, (3) 
rates at background level 


low-level industrial counting apparatus for counting 


or below, (4) thin-walled low-cost counters for high-school! and college teaching, 
counter kits for assembly by students. 

AEC’s efforts directed 
It points out that regulations have been 


ind 
idioisotopes with- 


ind 5 


he report describes the toward encouragement of 
industrial utilization of radioisotopes. 
implified, general-license quantities have been increased, manufacturers 
have been allowed to distribute several products containing | 


out specific licensing of customers 
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Gamma Facility for Use 
at High Temperatures 


By E. L. COLICHMAN, P. J. MALLON, and A. A. JARRETT 


{fom 
North 


Canoga Park, California 


International 


imerican Aviation, I ne 


irradiation facility 
een designed and built 
curies of cobalt-@® in a 
dome. It is 


radiation ol 


iboratory 
with 
3-ton 
for laboratory 


2 OOO 
chemical samples at 
150° CC. Rela- 
arge volumes can be irradiated 


eratures up to 


ery uniform dose-rate distribu 


Radiation levels are repro- 
adjustable from 10‘ to 2.5 » 
r. Since the average external 
ition level is less than 0.1 mr/hr 
facility can be used in a laboratory 
containing radiation-measuring equip- 


ent and people 


Design 
The design goals for the irradiation 
cility were as follows 
Reproducible and variable radia- 
at high intensities 


rates 


Uniform dose rate in large 
samples 


3. Irradiations below room tempera- 
ture and up to 450° C 





J 


FIG. 1. Movable dome containing source 
can be moved over either of two irradi- 
Plug A is for loading source. 
Wires through channels B con be used to 
insert shipping plug. C is movable shield 
that extends into wells to prevent stream- 
ing between dome and base 
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ation wells. 


4. Two irradiation wells to permit 
setting up an experiment while irradi 
ating in the other well 

5. Low external radiation to permit 
continuous during operations 


with 


and use in a laboratory radia- 
tion-measuring equipment 


6. Access 


wells for 


conduits into irradiation 
use of external electrical or 
mechanical equipment. 
7. Disassembly for 
one laboratory to another 
8. Shipping casket that is part of 
irradiation assembly 


movement trom 


An average radiation intensity of 
0.1 mr/hr at the surface was ensured 
lead in all 


Steps and barriers at shielding junc 


by 13 in. of directions. 


tions minimize scattered radiation. 
The facility 


of ™10 


shown in Fig. 1, consists 


lead 


mild-steel casing of 


sheathed in a 
plate. All 


hg-1n. 


tons of 
\,-in 
cavity liners are of stainless 
stee] 


the source and an irradiation volume. 


Figure 2 shows the geometry of 


Shielding Dome 

The 
diameter and 28 in 
weighs 6,000 \b. It 
shipping casket and 


shielding dome is 30 in. in 


high, and it 
serves as A 
as a permanent 
The 


upper plug permits easy initial loading 


housing for the gamma source. 


of the source, 

For shipping purposes a lead plug is 
installed in the source cavity and a 
plate is screwed to the bottom of the 
dome. The plug can be removed and 
installed in the laboratory by means 
of wires that reach it through tubes 
from the top of the casket 
the 


During 


this operation assembly is used 
as a shielded enclosure 


shield 
through 


A movable inner prevents 
the 


space between the dome and the base. 


gamma-ray streaming 
Whenever the source is not completely 
withdrawn into the dome, this shield 
is extended into one of the irradiation 
volumes. It is counterbalanced in 


such a way that approximately 20 in.- 


lb holds it in either up or down posi- 
The total the 
inner shield is only about 144 in 


Source 


The source container is made up of 


tion. movement of 


eight stainless-steel tubes 4%) in 


long (Fig. 3). The source consists of 
forty 50-curie cylinders of cobalt 1 em 
high and 1 cm in diameter. A screw 
plug at the top and a cap at the bottom 
of each tube retain the cobalt. Cy! 
inders of quartz are used as alternat 
coba't disks to in 
crease the volume available for uniform 
On the top of the source 


spacers between 
irradiation, 
assembly is a boss to which the eontro!l 


shaft is screwed and pinned An 
expansion shaft is screwed to the con 
trol shaft, counterweight is 


added for ense \ 
stick and an indicator on the 


and a 
operating meter 
rod give 


the position ol the source 


Base 

The base is made up in two assem 
test hole 
When these bases are bolted together 


blies, each of which has a 


the crack between the two is leaded 
no appreciable rise in external 
the 
the 
A step at the top outside edge 


and 


radiation is observed even when 
casket is 
crack, 
of the 


“‘seatter fence’’ 4 in, 


located directly over 
the addition of a 
thick and 6 in 


A channel with a 45-deg angle 


base allows 


high. 
in the middle to prevent streaming is 
used to introduce thermocouple and 


These 


power leads into each test hole 




















FIG. 2. Geometry of source and well 
showing arrangement used to measure 
dose rates 


115 





a 
nu-tronic 


SUPER-SERIES 3 


SCALER AND RATEMETER 


For every application 
never becomes obsolete! 


New unitized construction assures complete adaptability for every appli- 
cation—by eliminating the need to duplicate facilities this modern engineer- 


ing concept of plug-in units means additional equipment economies! 


Input unit available as plug-in G.M. amplifier or plug-in linear amplifier. 


PLUG-IN DECADE SCALER AND TIMER UNIT: 

* Choice of decade counting group: (a) one megacycle decade and two 
100 KC decades (b) three 100 KC decades 
Built-in timer is adjustable for pre-set time from two seconds to one hour 
in one second increments 


High speed register allows a counting rate up to 25,000 counts per second 
through scaler 
Scaling ratio selector allows register to be actuated every 10th, 100th, or 


1000th pulse 


Power supply is an integral part of the common chassis—both high and low 


voltage is electronically regulated. High voltage is continuously variable 


from 500 volts to 2500 volts 
Plug-in power control and meter panel 


Plug-in linear amplifier and single channel analyzer 


From a scaler to a ratemeter in seconds . . . units are quickly inter- 


changed just by loosening the thumb screws on the front panels! 
RATEMETER: 


* Eight full scale ranges: 600,000, 
600, and 300 counts per minute. 


300,000, 60,000, 30,000, 6,000, 3,000, 


* Time constant can be selected as follows: 0.5, 1.0, 1.5, 5.0, 10, and 15 
seconds 
* Accuracy better than +5% of meter reading 


FREE SPECIFICATION SHEETS UPON REQUEST! 
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CUMBERLAND SI 
PENNA 


WEST 
PHILADELPHIA 32 


53)-36 of 
altro idelalia 


PRODUCTS 
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Cobalt 





Quartz 








FIG. 3. Source holder has Co cylinders 
and quartz spacers in 8 channels around 
central volume that can be used for 
irradiations 


channels are 4 in. deep and 1 in. 


wide and run parallel to the upper 
surface of the base. There are similar 
channels down one side and across the 


bottom to the center of each hole. 


Carriage 

4 carriage bolted to the shielding 
dome and rolling on steel casters on 
one flat track and one V track carries 
clearance between 
0.15 in. A pin 
in the carriage and holes in the flat 


the dome with a 


dome and base of 


track locate the dome over either test 
hole The 


between 


dome is easily moved 
crank-driven 


rack 


holes by at 


pinion on the carriage and a 


mounted on the base 


Interlock System 


A three-way fail-safe electrical inter- 


lock system prevents lowering source 
or inner shield until the dome has been 
located over a test hole and indexed 


in place with the carriage indexing 
This 
When the inner shield has been 
into the 


pin. releases the inner-shield 
lock 


lowered recess 
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ompletely 








Axis of 
source — 
assembly 


Axial distance 
from center of 


04 ik 20 30 
Radiol Distance from Center of Cylinder (cm) 











FIG. 4. Calculated dose rate in 10° r/hr 
from single cylinder as a function of 
position 


at the top of the test hole, the source 
control is unlocked and the indexing 
pin is locked. With the source any- 
where but in its uppermost position, 
the inner shield is locked in down 
position. If power fails during an 
exposure, the source can be raised to 
up position, where it is automatically 
locked. This is the only operation 
possible. If the power fails in up 
position, the indexing pin can be 
lowered but the inner shield and the 


source rod remain locked. 


Dose Rates 

The intensity D (r/hr) in the interior 
of the source assembly was calculated 
by evaluating the volume integral 
D kp(fdv/R*), where k intensity 
at 1 em from 1 me in r/hr, p = specific 
activity in mec/em'’, dv element of 
source volume, R = distance between 
dy and point in space. Self-absorption 
in the source and its container is 
neglected, but the decrease in the 
calculated dose rate by self-absorption 
is offset to some extent by the con- 
tribution from scattered radiation 

Spatial variation of dose rate to 


be expected from a single cylinder is 





. . « 
' »] 2 


5 , 
Distonce from Center of Axis (cm) 











FIG. 5. Calculated axial dose rate with- 
in source assembly in 10° r/hr 
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ical properties. With optimum dimensional stability and 
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manding service. 


A more economical “mechanical grade” meets all 
chemical and mechanical needs. It offers as much as 
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Fluoroflex-T is stress-relieved to assure uniform 
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NUCLEONICS says: 


“This book i 
helpful to nuclear newcomers, 


exceedingly 


also quite interesting for busi 


ness and industrial people 
already involved in the atomi« 


energy industry.” 


Atomic Energy— 
for Your Business 


TODAY'S KEY TO TOMORROW'S PROFITS 





By ARNOLD KRAMISH and EUGENE W 
ZUCKERT. Two well-known 
ties explain the problems of peaceful 
uses of atomic potential 
application, what it me to the 
today and future 
langu iv¢ tr | 


At all | 


author 


energy, its 


businessman 
promise —in 
can understand 
use the 


convenient coupon 


DAVID McKAY COMPANY, Inc N 
55 Fifth Ave., 
Gentlemen 
copies of ATOMIC 
BUSINESS 
() check | 


oe eee eee CLP THIS mee ee] 
4 


N.Y. 3 

Please send me postpaid 

ENERGY FOR YOUR | 
price $3.9 I enclose §$ 
m.o 


Name 


Address 


| City Zone State 
me —“—e—s— 


OPPORTUNITIES 


in 


RADIATION 
DOSIMETRY 


For Chemists, Physicists 
and 
Electrical Engineers 


Io develop and use Material 
Dosimeter 
* 


of Nuclear Physics 
needed 


Knowledge 
or Radiv« hemistry 
ne eoarens experience i 


osimetry required 
ez 
This is a staff 


will challenge the 
imagination 


position which 


most vivid 


Please send resumé of education 
and experience to Staff Em 
ployment Section 565 


SANDIA 


CORPORATION 
Albuquerque, New Mexico 


shown in Fig. 4, and the dose rate along 
the axis, eight times the intensity indi 
The 


dose rate in the plane of the perpendicu 


cated in Fig. 4, is shown in Fig. 5. 
lar bisector of the axis of the source as 


sembly, computed by summing the 


contribution from each of the eight 


sources at a particular point shown 
in Fig. 6. 
The 

metric 
2.51 & 108 r/hs 
the 
available from this « 
the 


calculated dose rate at the 


center of the source assembly j 
The paran 


rate itil 


eters i] 


dose formiut 


lustrating 
irrunge 
ment of radiation 


follows 


\ inten 


erage 
ity (r/hr 
jnmeter 
leiwght (em 


ime em 


The maximum in 
{ o* 


Measured Dose. 
ty attainable within the 
determined experimentally 


ulfate 


ince Wi 
ceri 


Value 


th ferrous-sulfate and 


hemical dosimetry and 
method employed by 
Hochanadel The 
iverage maximum intensity, September 
1954, 


the calculated value above. 


were those 


and Ghormley.* 


was 2.5 K 10° r/hr, confirming 


Ceric sulfate was used to determine 
that a 3-liter 
cylinder 6 in. in 
high) 

104 r/hr when it was placed at 


aqueous sample (a 
diameter and 7 in 
dose of 
the 
the 


ource was completely withdrawn into 


received an average 


bottom of one of the wells and 


the dome 
Intensities at variou inter 
two 


position 


mediate between the extremes de 





Along line through 
two opposite sources 


Along line between 

pairs of opposite sources 
at 1 , 
2 | 18) ! 2 
Distance from Axis of Source Assembly (cm) 











FIG. 6. Calculated dose rates inside the 
source along two perpendicular bisectors of 
axis of assembly (10° r/hr) 


*C. J. Hochanadel, J. A. Ghormley, J 


Chem Phya 21, No. 5, 880 (1953) 














FIG. 7. Dose rate at bottom of well as 
a function of position and source height. 
These measured values show near uniformity 
when source is high 


ve were determined experi 
sulfate, All of 


were done in Lucite cap 


imo 
il] with lerrous 


*xposures 


1 in. high and | in. in diameter 
containing approximately 5 cm® of the 
ferrous sulfate solution. The location 
of these capsules at the bottom of the 
exposure well and the relative position 


Meas 


urements were made with the source at 


of the source are shown in Fig. 2. 


various heights of 0-12 cm as measured 
well to the bot 
source The source 
lead shield 


12 ecm, and scat 


from the bottom of the 
tom of the cobalt 

gins to enter the wher 
distance exceeds 
ng results in nonuniform irradi 
unless the sample covers the 
bottom of the well. Thus these 
were all made with the 
the shield. 


variation of dose rate as a 


ition 
entire 
determinations 
yurce outside Figure 7 
hows the 
function of horizontal displacement of 
the and of 
height Each experimental point rep 
the 


receptor vertical source 


resents iverage of two or three 
runs 
The maximum external radiation in- 
tensities are 
: Adjacent to 
base—0O.1 mr/hi 
2. At access conduit 
3. Above dome 


4. Over-all maximum (gap between 


dome surface and 


0.3 mr/hr 


1.5 mr/hr 


casket and base with source opposite) 


15 mi hr 


based on work performed 
AT-11-1-Gen-8 between the 
Energy Commission and 
International The wish 
the design help rendered by 
D M. Feldman and Dr. M. A. Greenfield 
and to thank R. L. Ashley and S. Berger of 
this laboratory for their part in the calcula- 
tions and dosimetry 
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under 


paper ta 
Contract 
P| 4tomu 

Atomics authors 


to acknowledge 





Britain Begins 
Cs'*’ Therapy 
New large-scale extraction techniques 
ed to Britain’s first large Cs!” 
ition. A 1,200-curie 
ise in the Department of Phys- 


source 18 


Institute of Cancer Research 
Marsden Hospital, London 
May ot the 
ent 


the 
head 


neord 1s 


Wind- 
combined efforts to 


ts from Amersham, 
nd Harwell 
means to extract cesium from 

e wastes The source they 
| contains a volume of cesium 
1Lin size to tour lumps of sugar. 

ire a source of this type will 
At this 


will be required to meet 


me out each month. 
ears 
ent demand 
first source has been encapsu 
. platinum cylinder 7 cm long 
m in diameter and shielded in 
nd uranium. Curved tungsten 
ving around the surface of a 
rm the shutters 
vhile the AlXC’s multicurie fis 
lucts pilot nearing 
it Oak Ridge 


tallation will be placed in 


plant is 
It appears 
t fall The plant will be 


parating and pene kaging 


00) O00 es ol ( 1 vear as well as 
“and other poten- 


| 
miei 


two Cs’ 
British 
was In- 
the 
Ridge In 
In 1956 a 
yurce went to the fission 


ered 
than the 


y4O-« 


one 


s I une source 


i teletherap unit it 
f the Oak 


Nuclear Studies 


program at the Uni 





PORTABLE CO’ UNIT, called world’s most 
portable’ radiography source, 
was by Budd Co. for Newport 
News Shipbuilding and Drydock Co. A 
Co*” source can be uncovered 
by operator standing 50 ft away 


15, No. 4- April, 1957 


powerful 


made 


50-curie 


Vol 


During the past 5 years, the proven performance of the EKCO Model 1079-C Vibrat- 
ing Reed Electrometer has made it preferred by actual users, both here and abroad. 


Low in cost, compact, rugged and easily serviced; its high, full-scale sensitivity and 
inherent stability makes the EKCO Model 1079-C ideal for all applications involving 
small current and voltage measurements. 


STABILITY + 1 mv, day-to-day 

SENSITIVITY 0.03 pya full-scale reading @ max 

RANGES: 0-30, 0-100, 0-300, 0-1000 mv. 

INPUT Internal, switch-controlled, 10*, 10'”, 10'* ohm resistors 
OUTPUT Operates with 1 ma or 100 mv recorder 

POWER 110/120 or 200/250 v, 40/60 cps, 40 w 

WEIGHT Only 29 Ibs., complete with cables 


Write TODAY for Bulletin L-572 for complete data 


AMERICAN TRADAIR CORP. 


34-01 30th Street, Long Island City 6, N. Y. * Dept. n4 
U.S. SALES & SERVICE for 


EKCO ELECTRONICS, LTD., Essex England 


vi 
Jie 


Precision Produced 
MATERIALS for 
TRANSISTORS 
and DIODES 


@ GOLD doped with N-type or 


P-type elements—supplied in the 
form of wire, sheet or ribbon and 
cut or stamped pieces. 


@ INDIUM electroplated base or 
precious metal wires. 


@ WELDED RIBBONS~—Dissimilar 
metal ribbons of the same width 
can be continuously welded 
together, within close overlap tol- 
erances. 


SIGMUND COHN CORP. 


121 SOUTH COLUMBUS AVE., MOUNT VERNON, WN. Y 





BOOKS 





Annual Review of Nuclear 
Science, Vol. 6, 1956 


Edited by J. G. BECKERLEY, M. D. KAMEN, 
and L. |, SCHIFF (Annual Reviews, Inc., Palo Alto, 
Calif., 1956, vii + 471 pages, $7.00). 


Reviewed by Bernnarp Manowirz 
Brookhaven National Laboratory, 
se fF 


Upton 


It seems somewhat incongruous to 


review a collection of reviews. It is 


probably of value, however 


out to 


to point 
the 
sections of this year’s “‘ Annual Review 
that are of 
the 


readers of NucLeonics 


of Nuclear Science” par 


ticular interest to various dis 
ciplines in the field 

From a nuclear engineer's point of 
view, the outstanding chapter is the 
one by Harvey Brook 
Radiation Effects on Solids 


ticle begins with a review of the status 


on Nuclear 
T he ar- 


of the theory of atomic displacements 
with special emphasis on recent modi- 
fications and on critical experimental 
the The 
section of the article is devoted to the 


tests on theory second 
recently declassified results in graphite 
and The 
devoted to detailed reviews of recent 
work on 
semiconductors, other \ 


uranium, final section is 


metals and alloys, valence 
alence crystals 
and ionic crystals. 

The 
The 
structive. 
useful 


article is clear and concise 


reviews are and con 
The article is 


summary ol 


piercing 
an excellent 
and the present 
status of solid-state physics 

Davidson, Loeb, and Young have 
assembled some qualitative data on 
entitled 


Power 


article 
Klectris 


reactor types in an 
Nuclear Reactors for 
Generation. 

The physicist will be interested in 
articles on primary cosmic radiation 


a review of the basic theory of fast 


nuclear polarization, a review of 


nuclear excitation by heavy charged 
particles, and two chapters on nuclear 
(nuclear 


istics of medium-weight nuclei) 


data masses and character 
Three chapters are of interest to the 
recent 
tech 


generalized 


chemist. A short review of 
advances in low-level counting 
the 


As applied to radio 


niques, a review of 
acidity concept 
chemical separations, 
of the application of oxygen isotopes 
in chemical studies. Taube’s article 
on oxygen isotopes stresses the study 
of chemical phenomena in homogeneous 


120 


and a review 


solutions. It is an impressive sum- 
mary of the value of this tool in ex- 
posing the mechanism of reactions in 
solution, 

The radiobiology chapters conclude 
the The both 


cellular vertebrate radiobiology 


volume. status of 
and 
are reviewed. 

As with 


“ Annual 


the 


are 


previous volumes of 


Review,” all articles 


replete with references. Along with 
its predecessors, this volume provides 
a ready review of a field and a valuable 


source of bibliographies. 


BOOKS RECEIVED 


Report on the Atom, 
Gordon Dean (Alfred A. Knopf, Inc 
New York, 1957, vii + 367 pages, 
$5.00). (To be reviewed.) 


2nd ed., by 


Progress in Nuclear Energy, Series 8, 
Vol. 1—The Economy of Nuclear 
Power, ed. by J. Gueron, J. A. Lane, 
I. R. Maxwell, and J. R. Menke 
(McGraw-Hill Book Co., Inc., New 
York, 1957, xii + 513 pages, $17.00). 
(T’o be reviewed.) 


Optics, by Bruno Rossi (Addison- 
Wesley Publishing Co., Inc., Reading, 
Mass., 1957, xii + 510 pages, $8.50). 
This book, based on the wave model of 
light, acquaints the reader with light 
phenomena and the basic concepts 
interpretation. It 
light 


underlying their 


concludes with a chapter on 


quanta. 


The Calculation of Atomic Structures, 
by Douglas R. Hartree (John Wiley & 
Inc., New York, 1957, xiii 4+ 
$5.00). This book is 


concerned only with calculation of the 


Sons, 
181 pages, 
outer electron structure of atoms. 
The reader should know something of 
waver mechanics up to the theory of 


the hydrogen atom, 


Actions Chimiques et Biologiques 
des Radiations, edited by M. Haissin- 
sky (Masson et 1956, 
vi + 223 pages, paperbound—$8.00, 
clothbound—$9.70). Second of a se- 
this book contains three articles: 
“Chemical Effects Produced in the 
Phase by Ionizing Radia- 
tion,” by W. Mund; “Luminescent 
Phenomena Produced by High Energy 
Radiation,” by M. Ageno; “Intro- 
duction to Radiation Dosimetry,” by 
N. Miller. All are in French. 


Cie., Paris, 


Gaseous 


Cours de 
Bass (Masson et 
Ki + YI16 


Mathematiques, by J 

Cie., Paris, 1956, 
$22.25 and $24.25) 
French this 
of the mathe- 


pages, 
A tremendous tome, 
volume includes most 
matics of advanced physics and en- 
methods of 


gineering. Applications, 


numerical calculation and problems 


are included 


Handbuch der Physik, Vol. XXXV, 
Atoms I, edited by 8. Flugge (Springer- 
Verlag, Berlin, 1957 This 
volume of the Encyclopedia of Physics 
both in 
Fundamental Con- 
Physics” by E. R. 
Cohen and J. W. M. DuMond occupies 
the first 87 pages “Quantum 
Mechanics of One- and Two-Electron 
by H. A. Bethe and E, E 


Salpeter fills the rest 


154 pages) 


two articles, and 


English “The 
stants of Atomic 


has 


just 


and 


Systems’”’ 


ALSO OF NOTE 


The National Re- 
No. 


during 


Research Council 
view, 1955. This review, NRC 
3678, chiefly describes work 
the year ended Dec. ’54, with descrip- 
work. National 
Ottawa, Canada, 


tion of some later 


Re seare h 
$0.75. 


Council, 


Trilinear Chart of Nuclides. This 
second edition of the chart, by W. H. 
Sullivan of Oak Ridge National Labora- 
tory, is somewhat larger and in black 


and white instead of color. If war- 


ranted by demand, it will be kept up 
gummed, 


to date by issuance of 


hexagonal sheets. Information on 


available by July ’56 is 
included. Superintendent of Docu- 
ments U. 8. Printing 


Office WW ashington 25, D. C’., $2.00. 


nuclides 


Government 


Charged Particle Cross Sections (LA- 
2014) 
Los Alamos Scientific Laboratory com- 
It includes the best 
cross sections of all nuclear process 
projectiles with 
30 Mev, and it 
is limited to light-element targets up 


Twenty-one physicists of the 
piled this data 
charged 


involving 
energies up to about 


to and including fluorine and to in- 
cident particles with mass one through 
four. The scope should be extended 
editions. Presentation is 
Office of Technical Service 8, 
Wash- 


by later 
graphical. 
U.S. Department of Commerce, 
ington 25, D. C., 81.26. 


Geologic Investigations of Radioac- 
tive Deposits (TEI-590). This semi- 
of the U. 8. 
Geological Survey, prepared for the 
AEC 


annual progress report 


reviews investigations of radio- 
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Available soon at lower prices... 


A MILLION POUNDS OF ZIRCONIUM 
FOR INDUSTRIAL USE 


By mid-1957 zirconium users can get 
1,000,000 Ibs. a year of the metal from a new 
U.S. Industrial Chemicals Co. plant at Ashta 
bula, Ohio. In a new, non-pyrophoric, non 
hygroscopic platelet form U.S.I. zirconium 
has these advantages over the more familiar 
sponge metal: it eliminates safety problems 
in handling and shipping, and it permits a 
cleaner, safer melting operation. 


Lower Price 
Reactor grade will be priced at $4.75 to $6.50 
a pound, depending on quantity. Commercial 
grade will sell at about $1.50 less. These low 
prices will be possible because U.S.I., as a 
prime producer of sodium metal, uses a semi 
continuous sodium reduction process— the 
most economical production technique eve 


Higher Quality 


U.S.I. zirconium will offer users top-quality, 
too. In the first place, U.S.I. starts with 
sodium, a higher purity raw material than 
the reducing agents commonly used in othe 
processes. Then, the technique itself yields 
a product of higher purity and uniformity 
Finally, in making its zirconium platelets 
U.S.1. virtually eliminates chloride, magne 
sium, sodium and hydrogen impurities 

Small quantities of commercial! grade 
material are available for immediate 
delivery. To help you on applications U.S.1 
has a staff of metal experts. Call Bill Green 
leaf, Manager of Metals Department, for 
further information 


developed for reducing metallic chlorides 


USTRIAL CHEMICALS CO. 


Division of National Distillers Products Corp 


99 Park Avenue, New York 16, N.Y 


Chemical Progress Week — April 8-12 
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active deposits in the U. 8. and Alaska 
from June | to Nov. 30, 1955. 340 p. 
Office of Technical Services, U. S. 
Department of Commerce, Washington 
25, D. C., 31.450 


IBM Journal of Research and Develop- 
ment. This new quarterly, published 
by IBM starting Jan. 57, will contain 
original articles by its staff. Subjects 
will include basic research as well as 


computing machines and components. 


International Business Machines Corp., 
: ‘ 590 Madison Ave., New York 22, N.Y. 
Careers in the peaceful $3.50 per year 


applications of atomic energy Nuclear Data Cards. Because of the 
: opula 0 ese mon card sets 
PHYSICISTS popularity of tl monthly card sets, 


which were started in 1954, subserip- 
For senior research positions. 


Advanced degree or experience in 
related fields desirable. 


tion rates have been reduced: $15, 
U. S., its territories, and Canada (first- 
class mail); $15, elsewhere (printed- 
matter mail); $19, elsewhere (first- 
class mail). Airmail subscriptions will 
be arranged on request. Publications 
THEORETICAL Office, National Academy of Sciences- 
Vational Research Council, Washington 


Develop theoretical methods for the treatment of mDO 
vv . 


new and unique problems in reactor criticality and 
kinetics, thus providing a scientific base for the Calculated Efficiencies of Nal Crystals 
developm«e nt of nuclear reactors. PB 121419). The probabilities for 
interaction of gamma rays with Nal 

‘tals are calculated for a point 

otropic source on the axis of a 

cylindrical crystal. Results for 18 

EXPERIMENTAL commercially available crystal sizes 


; ind a wide range of energies and source- 

Perform and analyze neutron physics experiments 
to-crystal distances are presented in 

tables and graph 10 p. Office of 
Technical Services, U. S. Department of 


Commerce, VV ashington ah dD hy $1.00, 


to provide basic physics data for the study of new 
reactor concepts. Also, to investigate the nuclear 
behavior of advanced reactor prototypes and zero 


power critical experiments. 


Uranium Deposits at Base of the 
Shinarump Conglomerate, Monument 
Valley, Arizona (Geological Survey 
Write : Answer will be prompt and confidential Bulletin 1030-C, $0.65); Accuracy of 


Cie ATOMICS Ore-Reserve Estimates for Uranium- 
| 7 \ Vanadium Deposits on the Colorado 
‘ sy INTERNATIONAL Plateau Bulletin 1030-D, $0.45): 
i < nity ail carga Aidan Study of Radioactivity in Modern 
Mr. G. W. Newton, Personnel Office, Dept. C-4 Stream Gravels as a Method of 
21600 Vanowen Street, Canoga Park, California Prospecting (Bulletin 1030-E, $0.25); 
(in the Suburban San Fernando Valley, Los Angeles) 4 
X-Ray Powder Data for Uranium and 
Thorium Minerals (Bulletin 1036-G, 
$0.25). These bulletins are prepared 
by the U. 8. Department of the Interior 
for the AEC. Superintendent of Docu- 
ments, U.S. Government Printing Office, 
Washington 25, D. C 


Proceedings of the Second RETMA 
Conference on Reliable Electrical Con- 
nections. Proceedings covers tech- 
niques, tools, materials, and measure- 
ments. 103p. Engineering Publishers, 
Box 1161, New York 1, N. Y., $5.00 
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THE Z 
ND 


INDUSTRIAL NUCLEAR 
TECHNOLOGY CONFERENCE 
ON NON-POWER ASPECTS OF NUCLEAR TECHNOLOGY 


Co-sponsored by: ARMOUR RESEARCH FOUNDATION and NUCLEONICS Magazine 


Time: May 14, 15, 16 


Place: Museum of Science and Industry, 
Chicago, Ill 





May 14th, morning: 
NUCLEAR SCIENCE FOR EXECUTIVES 


Properties of Radioisotopes 
Interaction of Radiation with Matter 
Radiation Detection and Measurement 
Elements of Radiation Hygiene 


May 14th, afternoon: 
COMPANY NUCLEAR PLANNING 


What Has Been Done with Radiation 
Radiation Sources and Costs 

Laboratory Facilities and Staff Requirements 
Administrative and Lega! Problems 


May 15th, morning: 
NUCLEAR TECHNOLOGY APPLICATIONS 


Some Uses of Separated Stable Isotopes 

Radioactive Tracers in Ore Dressing Systems 

Particle Size Determination by Radioactivation 
Potentialities of Low Energy Isotopic Radiography 
Density Measurements with Thulium 170 
Scintillator-Photocell Nuclear Battery 

Neutron Absorption in Glass-Reinforced Laminates 
Textile ‘Plastic Starch’ Durability by Tracer Techniques 


May 15th, afternoon: 
RADIATION CHEMISTRY 


Energy Loss of Charged Particles in Molecular Substances 
Irradiation of High Polymers 

Mechanism of Radiation Effects in Polyethylene 

Radiation Chemistry of Aqueous Solutions 

Effect of Displaced Atoms and lonizing Radiation on 
Oxidation of Graphite 

Production of Radioactive Molecules Through Reactions 
of Energetic Atoms and lons 


Carbon-14 Labelling of Hydrocarbons by Nuclear Recoil 
Organic Radiation Effects (invited) 


May 15th, afternoon: 
NUCLEAR INSTRUMENTS 


Helical Orbit Beta-Ray Spectrometers 

Some Research Uses of a Zero Power Reactor 
Beta-Ray Spectroscopy Using Plastic Scintillators 
Neutron Spectroscopy With Proportional Counters 
Radiation Detection With Spark Counters 

Circuits for Pulse Height Analysis 

Recent Trends in Nuclear Instrumentation (invited) 


May 16th, morning: 
RADIATION SOURCES AND EFFECTS 


A Cobalt Irradiator 

Effects of Nuclear Irradiation on Magnetic Materials 
Radiation Polymerization Dosimetry 

A High-Output Light-Weight 15 Mev Betatron 

Radiation Effects in Electronic Devices 

Pressurized High Frequency Cockcroft-Walton Accelerator 
Industrial Applications of Linear Electron Accelerators 
Economics of Electron Beam Irradiation 

Glass Radiation Damage (invited) 


May 16th, afternoon: 
NUCLEAR TECHNOLOGY APPLICATIONS 


Radioactivity Gauge Measures Level Over 45 Feet 
Electroplating and Metal Preservation Studies 
Utilizing Radioisotopes 

Some Limitations on the Use of Neutron Activation 
Analysis 

Beryllium Hazard Detection Using Polonium 

Dyeing of Synthetic Fibers with Radiation 
Radioactive Meteor Erosion Gauge for Earth Satellites 
Proportional Counter X-Ray Absorptiometry for 
Organic Analysis 

Low Level Counting (invited) 





Pircseiin will be held on May 15 and con- 
ference luncheons on May 15 and 16. 
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For further information, contact 


L.. Reiffel, Conference Co-chairman 
Armour Research Foundation 

3440 S. State 

Chicago, Ill. 





ways better at 
watching over you 


Picker Gardray 
Radiation Badges 


1 wide intensity range 


Records exposures low os 50 mr, high as 
300,000 mr. 


2 wide energy range 


Geamma, beta, x-rays (soft and hard) neu 
trons, single or mixed exposures 


3 “control” safeguard 


Separote control bedge guards 
accidental fogging 


4 double-sure identification 


1 code printed on wrapper 
2 x-rayed on film 


5 no loading or unloading 


Wear badge as received, return it intact 


6 prompt reporting 


Dependable, easy-to-read, too 


7 compact, lightweight 


See size above: 


8 attractive, unobtrusive 


Clips on firmly, won't catch clothing 


Q durable 


Secure snap-locks, 
won't break 





against 


less than 1 oz 


won't come undone, 


Te subscribe, call any Picker X-Ray 
local (see your ‘phone book) or 
write to Picker X-Ray Corporation, 
25 Se. Broadway, White Plains, N.Y. 


LETTERS 


Nitrogen Fixation 
Dear Sir: 

I have read the article ‘‘ Producing 
Chemicals with Reactor Radiations”’ 
by Harteck and Dondes (NU, July ’56, 
p. 22; letter, Dee. 
interest since I have been associated 


'56, p. 77) with great 


with the Wisconsin process for nitrogen 
fixation for a number of years. 

The work that the authors have done 
in their experimentation is noteworthy, 
but at the the 


significance escapes me for the reasons 


moment commercial 
outlined in the following paragraphs. 
The nitric acid equivalent of 70,000 
tons of N as NOs is 315,000 tons of 
100% HNOs,. 
is based on 100% equivalent acid and 


The cost of nitric acid 


not, a8 the authors have assumed, upon 
38 deg Baumé Using their 
figures, one can readily arrive at $60- 


incorrect, 


acid, 


million sales, but it is 

The 
Engineering News is $6.25/100 |b or 
$125/ton 


Nitrie acid for chemical use in tank- 


price given by Chemical and 


but this price is for carboys. 


car shipments runs about $60/ton of 
100% equivalent HNO, or $17-million, 
using a 90% recovery efficiency on the 
NO» produced, 
nitric acid use is in fertilizer manufac- 


However, the major 


ture, and a still lower price would be 
required such as $40/ton or total sales 
of $11,300,000 in the 
$60-million claimed as the value. 

As NOs, the product might be worth 
$10-million if there 
At the moment, there is only a small 
market for NO» Markets could de- 
velop for NO» as a nitration material, 


contrast to 


were a market. 


but it would have to compete with the 
lower-cost nitric acid. 


With respect to the value given of 
$15-million as fertilizer, the sales price 
of ammonia and ammonium nitrate is 
equivalent to 5¢ and 10¢/lb N, respec- 
$14-million 

figure is 


$7-million to 
The 
approximately as given by the authors. 

The 
$6-million is equivalent to $19/ton of 
100% nitrie acid. 
ating costs for nitric acid plants in the 
200-ton/day 
that the authors, is of 
the order of $20/ton of 100% 
No doubt 
values to be obtained from the spent 
but it would be difficult to 
beat present technology. 

As a final point, the heat at 200° C 
is indicated as equivalent to 500,000 
This no doubt is true on 


tively, or 


sales value. higher 


cost of uranium alone at 


Present total oper- 


class, much smaller than 
visualized by 
nitric 
there residual 


acid are 


uranium, 


tons of coal. 
a theoretical basis, but does not enter 
into the economic picture, since it is 
The 


investment required to capture a por- 


essentially unavailable. capital 
tion of this heat would be too great for 
economical recovery. 

From a technical standpoint, the 
authors’ work is excellent, but I dis- 
agree with the economic implications 
that here is a project ready to exploit 
jact, 
standpoint, it has a long way to go. 


now. In from a commercial 
EK. D. Ermenc 
Princeton, New Jersey 


Dear Sir: 

We would like to thank the editors of 
Nucieonics for the opportunity to 
to the letter from Mr. Ermenc. 
the 
“Producing Chemicals 


reply 
In preparing manuscript on 


with Reactor 





Comparison of Prices* 


Chemical 
Market 


price 


produce T "3 
price 
($ /short 


ton) 


(s /short 

Product ton 
42.00 
39.00 
43.00 


NH; 82.5 
NH NOs 64 
HNO, (38° Baumé 60 
on 100% HNO, 
basis) 
HNO, 
NO. 


~150 .00 
~200 .00 


~90 OO 
~120 .00 


fuming 


Short Market 
price 


product lue (in 


Chemical 
tons of producers 
\ iwlrogen value 

(millions 


of dollar 8 


content (in thou- millions 


sand of dollars) 


~22 .22 


30.43 


* Based on 70,000 long tons (78,400 short tons) of nitrogen in product, 
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Radiations,’’ we were faced with the | 


problem of presenting the paragraph 


on the economics of the process to the | 
iried audience of Nucieonics. For | 


the readers who were not in the nitro- 


gen industry, we used the readily 


)btainable values of price per pound or 


price per carboy and scaled them to our | 


results. For the members of the nitro- 

values with their own production costs 

sting plants, a chemical producers’ 

per ton of fixed nitrogen was 

since we realized that simply to 

cate market values would not 

ce (Chemical producers’ values 

ire normally company confidential 
material.) 

It should be noted that the value of 
the fixed nitrogen-presently produced 
in the United States is about 10% of 
the ilue of the electrical power 
production, 

Almost 100% recovery efficiency 
should be possible from nitrogen 
dioxide, rather than only 90% as shown 


Mr. Ermene. The value of 70,000 | 


tons of nitrogen as nitrogen dioxide is 
given in long tons, so that this figure 
must be multiplied by 1.12 for con- 
ersion into short tons. 

In the table on p, 124, the market 


ind chemical producers’ values are | 


enumerated for a number of nitrogen 
products. For comparison with Mr. 
krmenc’s values, the market and 


chemical producers’ values are given | 
per short ton in tank-car shipments. | 


he market value for nitrie ucid for 


chemical use in tank-car shipments is 
| 
en as $60 per ton of 100% equiva- | 


nt HNOs;, Mr. Ermenc’s value. The 


chemical producers’ value for the nitric | 
icid is an average of a number of com- | 


pantie values based on operating costs 


cost of ammonia, electric power, 


vater, labor, catalyst, and mainte- | 


and averages about $43 per | 


on From this table it can be readily 
seen that at the burn-up of $6,000,000 


f uranium (shown in the article), all | 


| 
the products are economically feasible 


except ammonia, 

Since the publication of the article, 
vdditional information has become 
ivailable that improves the feasibility 
f the process. These are: 

1. The price of uranium-235 has 


recently been lowered by the U. 5S 


government from $25 to about $18 per | 


NI Dec D6, p. R1). The 


ilue of $25 per gram was used in the | 
irticle The $6,000,000 fuel burn-up | 


therefore only $4,320,000. 


2. In a forthcoming article, in 
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en industry, who would compare our 


New 
Air 
Particle 
Monitor 


errtrr: 


from 


ANTON 


..Where Precision Counts 


Anton’s monitor enables continuous, unattended recording of airborne 
alpha, beta or gamma radiation with sensitivity never before available in 
instruments of this type. The monitor, ideal for reactor, fuel processing and 
hot lab installations, can operate at gamma background as high as 10 mr /hr. 
The unit has a sensitivity range of 8 x 10-'°ue /cc to 8 x 10-7ue /cc as calibrated 
with Na?‘, and incorporates visible and audible, immediate or remote alarms 
adjustable over the operating range. Built-in calibrated source insures 
accuracy end performance of the instrument's detector and related circuitry. 
Special circuit failure indicator check switch connects the panel meter to 
key circuit points fer easy trouble shooting. Anton monitoring instruments 
and systems include the Iatest developments resulting from fundamental 
research work on system sroduction for reactor facilities and naval nuclear- 
powered vessels. 


Anton’s monitor is available either as a cart-mounted mobile unit or rack- 
mounted for use as a fixed station. Mobile unit, MODEL 232, is set on a 
welded, reinforced steel cart; MODEL 233 has all equipment mounted in a 
19-inch relay rack. (Request Bulletins 232, 233) 


TECHNICAL DATA 


Precision Better than 1% of fuil scale <xeter deflection 
Stability . ...., Better than 9.5% of full scale meter defection 
Filter paper advance . . Continuous: at 2 inch/hour 

Manuel (when recessary): by extereal control knob 
Pulse discriminotor . . . Rejects small ‘noise pulses 
Air pump Positive displacement. oii-less, 

requires no lubrication 
Recorder . 12 inch chart, speed adjustable fram 

% to 8 inches per hour 
Power Nomiael 117 v, 60 c.p.s. 
Weiant Net 450 Ibs. 

Shipping 509 Ibs. 


TRAILER-MOUNTED SURVEY LABORATORIES 


This monitor is incorporated in the new Anton mobile radiological iabora- 
tory trailers which contain complete field equipment for reactor site survey 
teams, fire fighting, police and civilian deferse forces. (Request Builetin TM) 


Anton also manufactures a full line of tubes and insiruments for research, 
medical and industrial counting applications. (Request Bulletin 4P) 


ANTON ELECTRONIC. | BOR AAMSRIES, IN 


A subsidiary of U. S$. Hoffman Machinery Corporation 
1226 FLUSHING AVE., BEOOKLYN 37, N.Y 





NMC ) COMPLETE MONITORING SYSTEMS 
for radioactive 
AIRBORNE PARTICLES - GASES 
WATER CONTAMINATES (Soluble or Suspended) 


INDIANAPOLIS 


Af37 " 7 

Aim ——, en ae AIR 
MONITOR 4 . MONITOR 

Mobile : Mobile 
Model AM 3-A pe ' Model AM 2 
(moving filter) ” (fixed filter) 


@ Records and warns automatically for periods up to one week, unattended 


@ Complete monitoring systems or individual units (iNustrated) assembled 
from standard component 


@ Custom built to solve any monitoring problem 
@ Designed for absolute containment of sampled radioac tivity 
@ NMC professional consultation included with each instrument 


Nuclear Measurements Corp. 


Send for 2460 N. Arlington Ave. «+ Telephone: LIBERTY 6-2415 
FREE CATALOG INDIANAPOLIS 18, INDIANA 


International Office: 13 E. 40th St., New York 16, N.Y. 


careers in peaceful 


applications of atomic energy 
COMMERCIAL REACTOR 
OPERATIONS 


Experienced Reactor Operations Engineers needed 
for a new section engaged in developing procedures, 
testing, training personnel and the start-up of for 
eign and domestic power and research reactors. A 
minimum of a BS in Engineering or Physics with 
several years Operations experience is required for 
this program based on established contracts. 


Write today. Action will be prompt, confidential 
a 4 7 | ATOMICS 
AE) INTERNATIONA 


Mr. G. W. Newton, Personnel Office, Dept. C-4 
21600 Vanowen St., Canoga Park, California 


In Suburban San Fernando Valley, Los Angeles) 


NUCLEONICS, one method for the solu- 
tion to the problem of dispersing 
uranium is set forth 

3. From additional new experimen- 
tation, larger yields of fixed nitrogen 
are being obtained, exceeding the 
70,000 long tons (78,400 short tons) 
and approaching 98,000 long tons 

109,800 short tons), decreasing the 
costs by about 28% 

4. With increasing development of 
reactors the investment costs of 
reactors are decreasing 

5. The costs of replacement nitrogen- 
fixation plants together with operating 
costs, are increasing 

We agree with Mr. Ermenc that at 
present the process has not been suffi- 
ciently developed for immediate appli- 
cation. However, from all the advan- 
tages enumerated, one must conclude 
that nitrogen fixation by reactor radi- 
ition is economically feasible for the 
production of nitric acid and its 
derivatives and should be used in the 
near future 

PauL HarTEcK and 
SeyYMouR DonbDEs 
Department of Chemistry 


Rensselaer Polytechnic Institute 
Troy, New York 


Shielding Computations 


DEAR SIR 


In reference to B. F. Binford’s arti- 
cle, other literature should be noted: 
“The Reactor Shielding Design Man 
ual by Rockwell The Functions 
E,(a Hi dit “u*"’ by Placzek 
and “‘“A Tabl of Integrals Involving 
the Functions F,(2 by J. LeCaine 

The last two documents rather thor- 
oughly explore the properties of the 
functions and include tables of values 
as well as tables of integrals involving 
E functions. The #-functions are, ol 
course, the same as the F-functions 

MARSHALL GROTENHUIS 
International School of Nuclear 
Science and Engineering 


Argonne National Laboratory 
Lemont, Illinots 


DEAR Sik 

It seems to me that, in the note by 
F. T. Binford (NU, Dee. ’56, p. 62), 
his function F,(z) is identical with a 


well known function £,.,;(z) defined by 


Che #, functions are the subjects of 
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ensive reports origimally pub- 
li by Chalk River—one by G. 
Placzek (MT-1, NRC-1547) and the 
other by J. LeCaine (MT-131, NRC- 
1553 The former lists values of 
these functions for n 0(1)20; z 
0(0.01)2.0(0.1)10, as prepared by the 
old WPA Mathematical Tables Proj- 
Plaezek’s report, including the 
has been reprinted in part or 
in AMS-37, issued by the 
il Bureau of Standards, and in 
ol Introduction to the Theory 
Neutron Diffusion’’ by K. M, Case 
both of which are available from 
ernment Printing Office. 
Blizard has printed graphs and 
Ey, Ee, and EF; out to 2 
2.5, vol. 1 of the “ Reactor 
ok,”’ while Foderaro and Oben 
published graphs of #, and 
for x as large as 30 in TID-7004 
Astrophysicists have also been greatly 
interested in the £, functions, as wit- 
ness ior example the discussion in 
Kourganoff’s ‘‘ Basic Methods in Trans- 
fer Problems,”’ Oxford U. Press, 1952 
The final equation in Binford’s note 
is identical with Eq. le of Plaezek’s 
report. In reactor and shielding cir- 
cles, the functions have been so closely 
associated with Placzek that I would 
like to campaign for having them 
denoted as the Placzek functions, It 
would be little enough to honor the 


memory of the eminent physicist we 80 


HERBERT GOLDSTEIN 
ear Development Corp. of America 
White Plains, New York 


DEAR SIR 


With respecc to Dr. Goldstein’s 
etter concerning the note on the 
functions, as anyone familiar with 
the subject is aware, he is perfectly 
orrect in his statements concerning 
the identity of F,(z) and E,,,(z). We 
seem to differ only in our interpreta- 
tion of the phrase ‘‘not extensively 
tabulated 

rhe purpose of the note was not to 
that the procedure outlined was 
me but merely to exhibit it 
it would be readily available to 
not familiar with project 
That this sort of thing is 
vorthwhile has been demon- 
the large number of requests 

nts that I have received. 
i. T. Brinrorp 
Operations Division 


Oak Ridge National Laboratory 
Oak Ridge, Tennessee 


Vol. 15, No. 4- April, 1957 


NW A ScALER 


with DECADE 
UNITS y 








MODEL DS-5 DECADE SCALER 


TECHNICAL ASSOCIATES has designed this general purpose 
nuclear laboratory counting instrument to combine extreme 
retiability and accuracy with unusual simplicity of operation. 
Five plug-in decade units permit a direct count up to 199,999, 
without the use of external registers. Overall resolution time is 
1.0 microsecond per pulse pair. Pulse height control allows 
sensitivity to be varied to facilitate analysis of sample content. 
“"“Mono-matic”’ single lever control starts, stops, and resets count 
and time, thus simplifying operation and preventing errors. 


DS-5 DECADE SCALER can be combined with other T/A accessories 
to form a complete Laboratory Counting System... 


Model 08-5 Decade Scaler 
shown in use with Model LS-7M Lead Shield Model AB-2 Calibrated Absorber Set 
and Model $0-1 Scintillation Detector 





Write for omplet catalog 


entitled “Inatrumentation 


for Nuclear Research” La 
i 


SS} 


Model CR-1 Count Register and 


T E Cc H N | Cc A L Model PT-1 Predetermined Timer 
A S Ss @) Cc | AT E S 140 West Providencia Avenue 


_/nstrumentation for Burbank, California 
Nuclear Research 





PRODUCTS AND MATERIALS 


Thermistor Control 


Sensitivity of thermistor bridge and 
dual indicating-controlling function 
of contact meter-relay are combined. 
Acts on temperature changes as small 
is 0.075° F Assembly Products, 
Chesterland, Ohio, 


Liquid-Metal Level Indicator Uses Balanced Inductance Bridge 

Shown above is a unit designed to monitor liquid-metal levels through use of an 
oscillator signal and a balanced bridge circuit sensitive to changes of inductance 
of a coil in the probe. It is sensitive to l-mm height changes. As currently 
made it must be used with nonmagnetic containers, but circuit modifications 
can obviate this limitation. Variation in wall thickness can be allowed for by 
changing the signal frequency Probes can be shaped as needed Cost is 
$465 Nuclear Development Corp. of America, 5 New St., White Plains, N. Y 


Two-Pen Recorder 


Unit above uses 17.4 X 9.9-in. panel 


CONTROLLERS AND RECORDERS 


space and is 12.5 in. deep. Has 9 
chart speeds, 2'¢-sec. pen speed, 
possible,—Gerber Scientific Instru ranges of 10 mv or greater.—Wes- 
ment Co., 162 State St., Hartford 3 tronics, 3,605 McCart, Ft. Worth 


Conn Texas 


Servo Amplifiers 


Line of servo amplifiers are for 60- o1 
400-cps motors, shaft powers of 1-50 
watts. Input networks are in three 
groups: single-speed synchro and pot 
two-speed synchro, and d-c.—Indus 
trial Control Co., Wyandanch, L. I 
Ns Ee 

Plug-in Totalizer 
Curve Analyzer Model 166 provides accurate register Temperature Control 
Equameter GEQ-400 is an electrically in programs involving velocities, pres Multipoint pyrometer instrument 
driven analogue computer designed to sures, temperatures, flow rates, etc controls 4-10 separate units. Com- 
analyze and plot curve Analysis Requires 15-volt, 1-volt/ysec, 100 bines null-balance potentiometer cir- 
can be in terms of Fourier components usec input.—Baird Associates-Atomi cuit and electronic speed. Several 
or power series. Least-squares fits Instrument Co., 33 University Rd ranges available.—Thermo Electric 
for 50 points to the fifth power are Cambridge 38, Mass Co., Saddle Brook, N. J 
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LABORATORY INSTRUMENTS 
AND APPARATUS 


Longer Thermocouple Life 
In Atomic Reactors 


With T-E Conamo” Wire Thermocouples 


SSSSSTSSTRRESEEESS SESE SEE eeeaeesere®™ 


Crystal Models 


Manufactured in Germany, crystal 
lattice models are based on X-ray 
ind electron-diffraction data. Mag- 
nification is 250 * 10°. More than 
100 types availabl Arthur 8, La- 
Pine & Co., 6,001 8S. Knox Ave., 


go 29, Il. 


Designed for use under extremely severe conditions, enclosed hot-junction 
“Ceramo” thermocouples—with ceramic insulated, metal sheathed wire — will 
outlast comparable standard types many times. And response time is just as 
fast. Furthermore, both sheathing and insulation can be specially selected for 
resistance to atomic radiation. Conductors in all standard calibrations and 
various sheath materials are available for temperatures up to 3000” F. If 
desired, “Ceramo” thermocouples can be completely pre-tested. Conductors 
36 to 12 gage. Overall diameters—1/25"' to 7/16". 

Write for Bulletin 305~ K 


Thermo Electrie 0.ic 


SADDLE BROOK, NEW JERSEY 
In Canada — THERMO ELECTRIC (Canada) Lid., Brampton, Ont. 
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Takeup Reels X-RAY, HIGH RESOLUTION, 
; nied a dae SF PROPORTIONAL COUNTERS 


ibove) has 3-in.-diameter spin- 
dle, 10-in. stroke. Own motor and 
provide constant tension @ Beryllium window: 18 mg/cm’. 


Newington, Conn. 
@ CONTINUOUS PURIFICATION OF GAS FILLING 
BY HOT CALCIUM. 


@ GUARD RING AND FIELD RING, QUARTZ 
INSULATED give a very precise definition of 
the useful volume. This allows spectrometry 


of low energy electrons down to 0,2 KeV. 


@ RESOLUTION: 15% to 20% at 6 KeV. 


ALL INSTRUMENTS FOR NUCLEAR PHYSICS 


rN 
Sun Battery ve LABORATORIES. 


5SB-2465 transforms solar energy to 


electrical power to power transitorized | $o¢iete D'Applications industrielles de la Physique 
circuit 24 photosensitive elements 
in series deliver 12 volts open circuit, (S.A.LP) ; 

146, Bd de Charonne. PARIS XXe. FRANCE. 


at maximum power.—International 








ctifier Corp., El Segundo, Cal. 
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careers in the peaceful 
applications of atomic energy 
Join a leader in research, development, design and 


manufacture of nuclear reactors for industry, 
power, medicine and scientific study. 


METALLURGISTS 


B.S., M.S., or PhD.— with training or experience in phy 
sical metallurgy of nuclear fuel materials; in metallog 
raphy of both fuel and construction materials; in high 
temperature material (both alloy and ceramet) develop 
ment and evaluation; in vacuum melting and casting 
techniques; or in mechanical fabrication related 
to fuel element manufacture. 


MECHANICAL 
ENGINEERS 


For development work in the Pyroprocessing Refabri 
cation Experiment. To develop equipment for remote 
high temperature decontamination and remote 
refabrication of nuclear fuels 


Write : Answer will be prompt and confidential 


dim. ATOMICS 
AW) INTERNATIONAL 
Mr. G. W. Newton, Personnel Office, Dept. C-4 


21600 Vanowen Street, Canoga Park, California 
in the Suburban San Fernando Valley, Los Angeles) 


Leakless Blower 

Centrifugal blower and canned motor 
sealed in heavy stainless steel en- 
closure can handle radioactive gases 
at high temperatures and system 
pressure.—Allis-Chalmers Mfg. Co., 
Milwaukee 1, Wis 


fi 


a Be 
3 


Plug-in Kits 

Assembly kit shown mounts 1-3 7- o1 
9-pin miniature sockets. Adaptor 
rings accommodate different diame- 
ters. Other models hold up to 5 
sockets Over-all height o mm, 
Vector Electronics Co., ¢ 
Fernando Rd., Los Angeles 








Submicron Filter 

Particles as small as 0.45 microns can 
be quantitatively filtered out of water 
flowing at 100-400 gal/hr with new 
submicron filter. Element is 150- 
micron-thick cellulose ester dise with 
total pore volume of 80-85 % sarn- 
stead Still & Demineralizer Co., 222 
Lanesville Ter Joston 31, Mass 


Beta gage. Type l50has2  12-in 
measuring area, variable response 
time (0.1-10 sec), remote indicating 
meter.—Isotope Developments, Ltd. 


Jenham Grange, Berkshire, England. 
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Fast Vacuum Pumps 


Roots-type vacuum pumps are avail- 


ible in 6 sizes with speed ranges of 
1900 efm Figure-S-shaped 
ounter rotate without touch- 
tochester 


Electrody- 
Read Blvd. 


CGerman-made 
Consolidated 
rp., 1775 Mt 


I 


Ultrasonic Tools 


Solde r iron (above) fills blow holes 


iluminum castings, bonds alumi- 
ibles, et Ultrasonic power 
mitted through solder removes 
permit tinning. Ultrasonic 

lrill square holes in glass 
Or example. Made in Eng- 


Vullard 
Glenwood Landing, L. L., 


Acoustica Associ- 


* 

Plates with 
have 
20-30- 
available for 
ind instruction.—J. Klinger, 
Jamaica 32, N. Y. 


Trail Plates. 
uisions that 


yvver Sardinia at 


Nuc lear 
been 


altitudes are 


4th St 
r dispersion. Dag 235 is col- 
ypper dispersion in lacquer for 
luetion of conducting surfaces. 
heson Colloids Co Port Huron 
M 


Fairprene T-5594 syn- 
thetic rubber lining is available in 
50-in.-wide strips with 
primers and adhesives.—E. I. du Pont 
le Nemours & Co., Wilmington, Del. 
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Here’s How to Make Safe 


COOLING LINE CONNECTIONS 


to Moving Reactor Components 





BARCO 8 
BALL JOINT > Ee 


40° 


PIVOT POINT \ “ 4 

. iS) 
ONE JOINT — Provides for angular 
motion or positioning of piping in any 
plane 








BARCO BALL JOINTS 


A 
Z,, BARCO 
BALL JOINTS 








THREE JOINTS —This schematic 
diagram shows how “dog leg” piping 
assembly permits vertical movement of 
large equipment 


TWO JOINTS—This arrangement 
provides for piping alignment or simple 
flexible connection 














Barco Fiexible Ball Joints 
for Nuclear Projects 


ERTAIN distinctive characteristics and features make Barco 
Flexible Ball Joints particularly well-suited for many nuclear 
energy applications: 


Easy to engineer joints into piping to provide for any degree of flexibility, 

expansion, or movement required. 

Seals unaffected by radioactivity. 

All-metal construction. No ball bearings. No lubrication required. Special 

metals can be specified 

Basic design is pressure sealing against leakag@ and self-adjusting for wear 

Maximum safety for virtually any pressure and temperature conditions 

Usually no deterioration due to normal operation. Special activities may 

require special materials. 

Special flexible joints for conveying fluids ait low temperatures down to 
300” F. Also high temperature designs up to + 1000°F 


For information and recommendations on how to select, specify, and 
use Barco Joints, address letter to: 


FOUNDED 1 9Q— 


/ 


MOVES IN 
ANY 
DIRECTION 


ers eee ee 
BARCO 
MANUFACTURING CO. 


567E NORTH HOUGH STREET 
BARRINGTON, ILLINOIS 





McGRAW-HIL 


your 
publication needs... 


Equipment Manuals — Product Cata- 
logs — Handbooks — Training Aids 
Industrial Relations Literature — Pro- 
cedural Guides Engineering 
Presentations — and any type of 
technical literature 


use our speciglists in —— — 


WRITING . .. EDITING 
ILLUSTRATING .... PRINTING 


McGRAW-HILL 
Technical Writing Service® 
330 West 42nd St., N.Y.C. 36 
LOngacre 4-3000 


NUCLEAR CAMPUS 


*AEC has made grants of $1.2- 
million to 15 educational institutions 
for equipping labs for training nuclear 
scientists and engineers. Largest 
grant, $216,950, went to Puerto Rico 
U. for establishment of a Spanish- 
language nuclear training center as 
part of the atoms-for-peace program 
(NU, Feb. ’57, R12). $95,000 went 
to Florida U. (recent unsuccessful 
bidder for a reactor in the second 


round Power Demonstration Reactor 
Program) to buy an Argonaut training 
reactor; $80,000 went to North Caro- 
State to 
boiler. Penn Washington U. 
of Seattle State 


College were others getting six-figure 


reactivate its water 
State, 


and 


lina 
Washington 
grants, 


® AEC also approved loan of 5,500 |b 
of uranium metal, in the 
Al-clad rods, to the U. 8. Air Force 
Institute of Technology, Wright-Pat- 
AFB, Ohio. It 


in a subcritical training assembly. 


form of 


terson will be used 


* The 


endowed an 


University of Chicago has 
Distin- 
guished service Professorship at its 


Institute of Nuclear Studies 


Enrico Fermi 


© 300 candidates have applied for AEC 
nuclear technology fellowships at the 
during the ’57-’58 
About 150 
appointed 
$1800, 
allowances for 
etc. 
approved as places where the fellow 
For 
Box 117, 


graduate level, 
fellows 
Basic 


additional 


academic year. 


will be annually 
stipend is with 
dependents, tuition 


So far 28 universities have been 


ship work may be carried out 
details write ORINS, P. O 
Oak Ridge, Tenn. 


Courses 


A five-day course on the CURE code 
for reactor core design will be con- 
ducted at the computer, at Computer 
Usage Co., 50 E. 42 St., New York 
City, May 20-24. The course is 
designed to assist potential users in 
making use of this advanced reactor 
code that is now available for general 
The code was programmed for 
KAPL by Computer Usage 

A special two-week summer program 
in nuclear reactor technology will be 
offered at MIT June 24 through 
July 5. It is intended for scientists, 
engineers and industrial personnel 
without prior professional experience 


use, 


in nuclear reactor technology, who 


wish an introduction to principles 


and a summary of present power 


reactor development status. 


Aerojet-General Nucleonics’ one- 
reactor training will 
be offered for the third time beginning 
Monday, April 22, and thereafter 
May 20, June 24, July 29, Aug. 26, 
Sept. 30, Oct. 28, and Nov. 25. The 
unclassified (NU, Jan. ’57, 
R12) covers theory, control, behavior 
and response of an operating AGN-201 
reactor. <A 


week course 


course 


minimum of five and a 
maximum of 10 participants is re- 
quired; AGN is charging $500 for 
the first student, $200 for each addi- 
tional one from the same organization. 


A radiological physics course lead- 
M.Sc. offered at 
Columbia U. Physicians 
A full-time 
course, it will include lectures, semi- 
Tui- 


ing to an will be 
College of 


& Surgeons in ’57-’58. 


na;rs, conferences and lab work. 
tion 1s $900. 


UCLA will give graduate credit for 
engineering aspects of 
nuclear processes and nuclear reac- 
tor design offering at 
International. AI personnel 
Other list- 
fundamentals, 


courses in 


which it is 
Atomics 
are teaching the courses. 
ings are engineering 
elementary fluid mechanics, and heat 
transfer and thermodynamics, 


A second European atomic energy 
course for management will be held 
Sept. 8-21 at Albert-Plage, a resort 
The Societé 
pour |’Industrie Nueléaire will 


on the Belgian coast 
Jelge 
host; a 


labs at 


Subsequent 


be European and 
visit to the 
Mol 


courses will be in Paris, where the 


first had been held (NU, Nov. ’56, RS). 


sponsor 
Belgian nuclear 


will be a feature 


A full program of 16 graduate courses 
in nuclear science and engineering is 
Poly- 

Kle- 


lead 


tensselaer 
ie 


courses 


available at 
Institute, 
and 


now 
technic Troy, 
mentary advanced 
to a “capstone” course that develops 
complete power reactor projects; 400 
are registered for nuclear courses in 


the current year. 


International Correspondence 
Schools of Scranton, Pa., has added a 
home course in elements of nuclear 
energy, intended for engineers, tech- 
and maintenance 


nicians, operators 


men in the nuclear field. 
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NEWSMAKERS 


John M. West, associate director of 


reactor engineering at Argonne and 
project manager of the recently dedi- 
cated EBWR, has gone to rejoin former 
boss Walter H. Zinn at General Nuclear 
Dunedin, Fla. He 


have the title of vice president. 


Kk ngineering Corp 


ACF Industries has named Marshall 
G. Holloway, former director of MIT’s 
Line ol 


nuclear 


Laboratory, president of its 


energy. products division. 


Rudolph Furrer, who organized ACF’s 
1949 


named president of the nuclear division 


wtivities in and was 


nuciear 


yn its formation, will henceforth devote 
me to his duties as staff vice presi- 
f manufacturing and engineering 
ACF divisions. Holloway, at 
from 1943 to 1955, helped 

ind build the first homogeneous 
there 


and played a leading 


itomic- and hvdrogen-bomb 


pment 


Seymour Henck, AlXC public informa- 
tion officer at Oak Ridge 1950-55, has 
established Henck At- 
lanta, Ga., to specialize in public rela- 


Associates in 


tions and management counseling in 
the nuclear field. 


Robert P. Peterson, former director of 
nuclear research at Republic Steel, bas 
been elected president of Applied Re- 
search, Inc., of Chicago. He will head 
a staff of scientists doing research and 
development for industry and the gov- 
ernment in electronics, applied physics, 
process control and instrumentation, 


and applied and theoretical math. 


Phillips Petroleum Co.’s atomic energy 
division at Idaho Falls has engaged 
Robert Hickok as project development 
chemist and Eugene Vander Wall as 
development chemist for new processes. 
Other new men include Don Sutherland, 
operations coordination engineer; 
Robert S. P’Pool 
evaluator; James Merrill, operaticns 
evaluation statistician; Victor Kobold, 
reactor development engineer; Myron 
Schellhase, senior design engineer; and 
John Alexander, Harold W. Davis, 
Frank J. Kelly, and Jack Nickerson, re- 
actor engineers, 


process engineering 


Francis R. Dowling, director of Feed 
Materials division at Oak Ridge Oper- 
ations since it was organized in July, 
1954, has gone to Washington as chief 
of Feed Materials branch in AEC’s Pro- 
duction division. 
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Atomics International has engaged 
Stanley W. Mayer and Earl W. Mur- | 
boch as senior research chemists, and 
made M. Carl Walske assistant | 
chief of research under John P. Howe. 
With Los Alamos 
1951, 
with the theoretical and experimental | 


has 


theoretical division 
since Walske will be concerned 
nuclear physics research programs at 
Atomics International. 


Thoma M. Snyder, manager of research 
at Knolls Atomic 
has been named manager of physics at 
Electric Vallecitos 
Laboratory at Pleasanton, | 


Power Laboratory, 


General 
Atomic 
Calif.; he will be responsible for engi- 
theoretical 
reactor physics 


new 


neering, and experimental 
mathematics, and | 


computations 


Arthur F. Erwin 


engineer in 


is been appointed | 
nuclear 
He 
has been assistant manager of the nu- 
A-( 
Lynn Donelan will be engineer 


charge of a new 


pump section at Allis-Chalmers 
clear power department at 
1953. 
in charge of design 


since 


Walter E. Kingston, general manager of | 
Sylvania’s atomic energy division, will 
become executive vice president of the 
new Sylvania-Corning Nuclear Corp. 
Appointment of 
Lee |. Davenport as president of Syl- 
vania-Corning was announced a month 


upon its formation 


ago. 


Joining General Dynamics’ new Hop- | 
kins Laboratory in San Diegce are Heinz | 
Poppendiek of Oak National 
Laboratory, former chief of the heat 
transfer and fluid mechanics section of 


Ridge 


the nuclear aircraft propulsion program 
there, and David Nicoll of Argonne 
National Laboratory, who designed the 
control and shim rods for MTR and 
worked on Savannah Riverand EBR-2 | 
designs. Other appointments include 
nuclear physicists John R. Beyster from 
Los Alamos and Robert B. Minogue 
from AEC naval reactors branch; health 
physicist William Ray of the U. 8. 
Public Health Service Cincinnati engi- 
neering center; nuclear chemist Rod- 
man A. Sharp of Brookhaven; physicist 
Victor A. J. Van Lint of the Sandia 
project; Charles F, 
Sprague of Los Alamos and the Office 
of Naval Research; and mechanical | 
engineer Melvin Frankel. 


special weapons 


Vitro Uranium Co. division of Vitro 


| 


Corp. has elected William B. Hall presi- | 


TC 3 minilaa! 
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ANALOG COMPUTER 
MODEL 3000 


Simplified analog computer solves wide vo 


riety of engineering problems. Detachable 


| problem boards and plug-in components fa 


cilitate rapid problem set-up 


Can be expanded building block fashion to 
larger computing system. Function generator, 
multiplier, chopper stabilizer, and other ac 
cessories available. Write for complete dato 
Model 3000, $1150, FOB Factory 

Problem board $95 


SCIENTIFIC 

DONNER SeeeE: 
835 Golindo Street 

Concord, California 














E(LIOTT | 
Simulator For Training Reactor 


Elliott Reactor Simulator T vpe DI&l 


CONSULT ELLIOTT FOR 





Engineers 


@ SIMUTATI DIrPr Re 1 Tyres oF 


CH SELECTIO 


SN ACTOR BY SWIT 


The Elliott range of reactor 
imulators also includes Reactor Computer Type 
NDIIS and Nuclear Power Station Computer 
Type NDII1 for design studies of a reactor and 
nuclear power station respectively 


computers and 


THE INSTRUMENTATION AND CONTROL OF NUCLEAR ENERGY 


ELLIOTT 


Means More 


BROTHERS (LONDON) LIMITED, CENTURY 


WORKS, LONDON 5§.E.!13 ENGLAND 


In MAGNETICS.. 


HERE’S WHY: 


© Reads 10 to 30,000 Gauss Flux Fields 


Probe is only .025” thick 


Active area .01 square inches 


Net Weight 10-1/2 Ibs. 


Power Supply 105-125 Volts, 50-60 Cycle 
Overall size 13” high, 10-1/2” wide, 6-3/4” deep 


Precision built to give accurate flux density measurement and determine 
“flow” direction. The unit also locates and measures “stray fields,” plots 
variations in strength, and is ideal for checking production lots against 
a standard. Simple to operate, the D-79 gives no ballistic reading . . . 


doesn’t jerk or pull. 


Write for literature 


DYNA- EMPIRE Inc 


Comes in protective carrying case. 


Dept. N-457 


10 STEWART AVt 


GARDEN CITY, NY 


dent and general manager. Assistant 
general manager Richard C. Cole was 
elected vice president. 


Another Vitro division, Vitro Labora- 
tories, has made R. F. Willett new proj- 
ect manager at its West Orange, N. J., 


Laboratory. 


L. M. Sharpe is president of American 


Nuclear Science Corp., newly formed 
by Nuclear Biophysics Corp. to assume 
most of its activities. The latter firm 
will continue to exist but will concen- 
trate on biological applications of nu- 


clear energy. 


Horizons Ince which has done much 
vork for AEC on electrolytic reduction 
of metals, has elected K. M. Bartlett 
succeeding Edwin T. Good- 


ridge, resigned, 


president 


Crane Co. has promoted K, E. Bredt- 
schneider to be assistant directing engi- 
neer of nuclear and experimental engi- 
neering. He has been with the firm 
ince 1950, 


J. R. Wolff is director of research at 


Radiation Instrument Development 


Laboratory, Chicago, and will also co- 
ordinate engineering and development 
at R.ILD.L. and the manufacture of 
R.I.D.L. equipment 
of Versailles 


y Intertéchnique 
France 


Richard S. Webb has been named pro- 
duction manager at the North Holly- 
Calif., plant of U.S. 


wood tadium. 


Sydney Geltman of Johns Hopkins U. 
has joined the atomic and radiation 
physics division at the National Bureau 


of Standards. 


Tracerlab has promoted Abel DeHaan, 
Jr., to be director of its western division, 
supervising 100 engineers, scientists, 
and technicians in the firm’s enlarged 


West Coast operations 


Fairchild Instrument Co. 


has named C, Towner French general 


Camera & 


manager of its industrial camera divi- 
sion, and R, G. Hennessey marketing 
manager and Louis C. Prisco sales engi- 
neering manager of its reconnaissance 
systems division. Fairchild’s nuclear 
instrumentation department is a part 
of the latter division. 


Darwin Krucoff, chief of reactor engi- 
neering in AEC’s reactor development 
division, has been named supervisor of 
reactor and nuclear systems research at 
Armour Research Foundation, a new 
research section set up a month ago 
NU, March ’57, R12 
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NUCLEAR CALENDAR 





.* 16-18—Symposium on nondestruc- W A STE DI $ PO SA L 


ive tests in the 
Am 
jointly 


nuclear-energy field 
for Testing Materials 
ANS, AIChE, and the 
Society for Non-Destructive Testing), 
Morrison). Contact W. J. 
MecGonnagle, Argonne National Labo- 
Lemont, Ill 


Soc 


with 
Chi ago 


ratory, 


April 22-26 
Industrial Hygiene 
Kiel Auditorium 

4 Write Rm 


Chicago 4 


Annual meeting American 
Assn., St. Louis 
Radiation sessions 

1300, 28 FE. Jack- 


6th 


Bivd., 


May 13-15 
Research 


Annual meeting, Radiation 
Rochester, N. Y 
and 


society, 


posia on radiation genetics 


Contact \ 
Pittsburgh 36 


chemistry 
10901, 


radiation 


deimann 40x 


May 14-16—Second annual Industrial 
Nuclear Technology conference on ap- 
plied uses of radiation (Armour Research 
and Nucteonics), Chicago 
(Museum of Science and Industry). L. 


Reiffel, ARF, 3440 S. State St., Chicago 


Foundation 


May 28-29 
conference 
AIME ; Los 
Contact B. 8 
Little 


reactive metals 
California section 
Angeles (Ambassador). 

Mesick, Arthur D 
, Los Angeles. 


Second 


(So 


Inc 


Third conference on nuclear 
Pittsburgh), 


Austern, 


6-8 


structure 


June 
Univ Pitts- 


burgh. Contact Norman 
Sarah M. Scaife Radiation Laboratory, 
Univ. Pittsburgh 

10-12—Third annual 
American Nuclear Society, 
Wm Penn-Sheraton) 
W. Grigorieff, 
Tenn 


June 
Pittsburgh 
Contact W.| 
Box 963, 


exec, secy., 


Oak Ridge, 
June 11-15 Third International Confer- 
eon Tonization Phenomena in Gases, 

n PI Milan. One 

yur sections will be on nuclear reac- 


iysical Societ y, 


n discharges, neutron production, 
: English 
Contact Ugo 
Procac emi a 


raction mechanisms, ete 
referred language 
" hi CIs! Via 


Milano 


June 15—Sept. 8—International exhibition 

The Atom,”’ 

Amsterdam. Ten countries including 
US and USSR will participate. 


near Schiphol airport, 


16-21-—Annual meeting, Am. Soc. | 
Testing Materials, Atlantic City | 
Chalfonte-Haddon Contact Fred F. | 
Van Atta, 1916 Race 8St., Phila, 3, Pa. | 


June 


June 17-19—Third annual meeting, | 
Health Physics Society, Pittsburgh 
Pitisburgh U.). Contact L. C, Emer- 
on, ORNL, Oak Ridge, Tenn 


20-23—Fourth annual meeting, | 
Nuclear Medicine, Okla-| 
homa City (Skirvin), Contact R. W. | 
152 Metropolitan Bldg., Den 


er. Colo. 
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RADIOACTIVE 

© Explosives 

¢ Pyrophoric Materials 

© Poisonous Gases 

¢ Flammable Materials 

¢ Contaminated Equipment 

© Toxic Materials 

© Acids and Caustics 

COMPLETE SEA DISPOSAL 

Serving the U.S. Since 1946 
CROSSROADS maintains a personal 
pick-up service in New England, New 
York, New Jersey, Ohio and Penna. 
for safely removing dangerous waste 
material 
Waste can be conveniently 
from any outlying area with complete 
instructions and proper-type contain- 
ers designated by CROSSROADS, 
Authorized by all necessary 

Federal, State 


shipped 


and Local Authorities 
e 


write or wire 


Call, 


mation 


for complete infor- 


Crossroads 


Marine Disposal Corporation 
26 T Whert, Boston, Mass 
LAfayette 3-4908 
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$1.50 a line 
DISPLAYED RATE 

$15.00 pe 
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a TERRIFIC BARGAIN in a 


SOLA CONSTANT-VOLTAGE 
IRANSFORMER 


Ends fluctuating line 
voltage! 


BIG DISCOUNT Off... 


the factory price ata! input 2.000 VA 

unit! And here's another bonus! This 

Air Foroes 2,000 VA overstock, Sola Cat. No. 30768, has 

4 Sao 90-125 V., 190-250 V., 60 ey. or 5 ey. leolated 
ie constant 116.0 V. + 1% from no load te 

load re 4 amp. So. if you choose, use it as 6 220 Tis v. 

step-down. And slash $7 50) off the factory |l-input price! 


Braad new ia original wood bos. 4 
ft. Sh *, 264 it FOL 
Reta = $147.50 
(EXPORTERS: Note choice of 50 cycles.) 
THE M. &. COMPANY 
P. ©. Bex 1220-0 Beverly Hills, 





Calif. 











New Advertisements 
received by April 10th will appeor in the 
May issue, to space limitations. 

Classified Advertising Division 
Nucleonics 

New York 36, N. Y. 


subject 


P.O. Box 12 











EXPORT 


SALES AGENT FOR 


NUCLEONIC 


AND 


ELECTRONIC 


INSTRUMENTS » COMPONENTS 


TRIL 


TRIL is the magic word for the fastest delivery 
of Nucleonic and Electronic components the 
world over. TRIL means Terminal Radio Inter 
national Lid. leading U. S$ 
distributor and export sales agent for Amer 
ica’s largest manufacturers of Nucleonic and 
Electronic Equipment 

And, TRIL means §-P-E-E-D because TRIL deliv 
ers your order F-A-S-T-E-S-T from our own 
completely stocked warehouses 


VICTOREEN PRODUCTS 


\ 
ow COUNTER TUBES 
VOLTAGE REGULATORS 


& 


~ 
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Ni 
m0 WIDE: SERV 
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in-stock export 


HI-MEG RESISTORS 


Sub-Miniature Vacuum Type 
RX-1 (type 249) 


100 megohms to 100,000,000 megohms 


SUB-MINIATURE 
VACUUM TUBES- 





MEDICAL 
RADIOLOGICAL 
INSTRUMENTS 


PERSONAL 
AND AREA 
DOSIMETERS 


CIVIL DEFENSE 
RADIOLOGICAL 
SURVEY METERS 





SPECIAL PURPOSE 
AND 


PHOTOMULTIPLIER 
TUBES 


ee? ef @ de 
Your request for technical bulletins and price 





| quotations on all your Nucleonic & Electronic 
requirements will receive our prompt attention 


TTT 
INTERNATIONAL Ltd. 


New York 6, N.Y 
TERMRADIO 


135 Liberty St 
WOrth 4.3311 « 











WHERE 
TO Buy 


Rates are per inch per insertion. Con 
tract rates are based on the use of 6 or 


and 


12 issues within the contract year, 


as specified below 


Times 


18.75 


1 Time 6 Times 12 


$21.75 


20.25 








( NATIONAL”? 
COVERAGE / 
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DISPLAYED 

The, ofvputhing rate is $15.00 per inch for all 


ising appearing on other than a con- 
tract basis. Contract rates quoted on request. 


Am advertising inch is measured j” vertically 
om «a | 3 l 30 inches to a 


Positions Vacant 
Positions Wanted 
Port Time Work 





page. 
Subject to Agency Commission. 
Send NEW ADS or inquiries to Classified Adv. Div 


EMPLOYMENT OPPORTUNITIES 


The Advertisements in this section include all employment opportunities 
executive, management, technical, selling, office 


Civil Service Opportunities 
Selling Oppertunities Wanted 
Selling Opportunities Offered 
—_RATES——— 


skilled, manual, etc. 

Employment Agencies 

Employment Services 

Labor Bureaus 

UNDISPLAYED 

250 on eo, ait 5 Sow, To ewe 
payment count 5 average words as a b 

Position Wanted ads are 4 of above rate. 

Box Numbers—counts as | line. 

Discount of 10% if full payment is made in 
advance for 4 consecutive insertions. 

Not subject to Agency Commission. 


of NUCLEONICS, P.O. Box 12, N. Y. 36, N. Y. 








FILM BADGE 


SALES and SERVICE 





(stalnioss steel—welghs 1 oz.) 
Beta, Gamma, Neutron and other 
radiation monitoring and consulta- 
tion services. Provides low cost 
permanent records 

Prompt, reliable service 
NUCLEAR SERVICE LABORATORY 


4020 Buffat Road, NE 
Knoxville 14, Tennessee 








RARE EARTHS 


Highest purity compounds for 
fundamental research in physics and 


chemistry, 


Write for information and prices 
of rare earth compounds 


The Gows Chemical Co., Inc. 
P.O. Box 443, Laramie, Wyoming 
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REACTOR ENGINEERS 
AND PHYSICISTS 


Are you interested in a 


young, growing company? 


® That offers new and challenging 
assignments in nuclear power 
and special purpose reactors? 


® That offers the growth opportuni- 
ties of a small company in a 
rapidly expanding field? 


® That has an attractive stock 


participation program, as well as 
other benefits. 


If you are, send a brief resume of 
education and experience to 


Internuclear Company 
7 N. Brentwood Bivd. 
Clayton 5, Missouri 








URINALYSIS SERVICE 


NSEC laboratories are staffed and equipped to 
perform routine and emergency urinalysis for 
* Total uranium * Polonium 
* Enriched uranium °* Fission products 
* Plutonium * Gross activities 
* Other radioactive isotopes 


Neclear Seionce and Engencering Conp 


Subsidiary of Norden-Ketay Corporation 
P.O. Box 10901, Pittsburgh 36, Penna. 


ENGINEERS 
If you have been looking for an Employment 
Agency that is skilled in the STATE OF THE 
ART of Technical Recruitment and RELI- 
ABILITY OF INFORMATION concerning 
positions, why not communicate with us at 
once ! All Positions Fee Paid 


FIDELITY PERSONNEL SERVICE 


1218 Chestnut St. Phila. 7, Pa. 
Specialists in Aviation and Nucleonies 








PROFESSIONAL 
| SERVICES 








Larger Sizes Now Available 
Hi-D® LEAD GLASS WINDOWS 


For use in steel, lead, and concrete walls 
Send for Circular GS-4 


PENBERTHY INSTRUMENT CO. 
4301 6th AVE. SOUTH » SEATTLE 8, WASH 














OMEGA ENGINEERING CO. 


Specialists in engineering and piping design 
for reactor fluid systems, structural contain- 
ment, test loops, purification systems and waste 
disposal systems. Contact Mr. Brodsky. 

70 East 45 St., N. Y. 17 
Murray Hill 9.7254 











REACTOR PHYSICISTS! 


Here is the opportunity to work on... 


YOUR OWN IDEAS 


in a newly-formed Reactor and 
Nuclear System Section whose areas 
of interest are: 


REACTOR CONCEPTS 

REACTOR CORE CONFIGURATIONS 
REACTOR KINETICS 

SHIELDING STUDIES 

RADIATION PROCESSING CONCEPTS 
IRRADIATION FACILITY DESIGN 


In addition to our programmed research, 
unique mec hanisms exist at Armour Re » 
search Foundation permitting research 
on subjects of your own choosing—not 
just general areas—but specific prob- 
lems. Complete experimental and com- 
putational facilities available including 
homogeneous research reactor and dig- 
ital computers. For an atmosphere mid- 
way between a university laboratory and 
industry at industrial salary levels—with 
opportunity for teaching or graduate 
study—contact: 


J. A. Metzger 


ARMOUR RESEARCH FOUNDATION 
of Illinois Institute of Technology 
10 West 35th St. 

Chicago 16, Illinois 
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SCIENTISTS 
ENGINEERS 


UNIVERSITY 
ASSOCIATES 


INTERNATIONAL 
ASSOCIATES 


INDUSTRIAL 
ASSOCIATES 


TECHNICAL 
SERVICES 


ADMINISTRATION 


- 
: 
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- 
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INQUIRIES INVITED FROM 


MATHEMATICIANS 
PHYSICISTS ‘dq 
CHEMISTS j Y/ 
METALLURGISTS ° 
CHEMICAL ENGINEERS - 


METALLURGICAL ENGINEERS NATIONAL LABORATORY 


MECHANICAL ENGINEERS 
ELECTRICAL ENGINEERS Professional Personnel Office 


PHYSICIANS P.O. Box 299, Lemont, Illinois 





EMPLOYMENT OPPORTUNITIES 


1a 
rd C7E7 fj Another FIRST for Budd! 


Explorers of the Unknown 4 Here in our Aircraft Research and Nuclear 
in Metals—Wants High Level | a rer ocny which priced sch re 


4 industrial engineering FIRSTS as the all steel 
G i “ Ee , ¥ automobile body, stainless steel railway cars and 
- the all steel two-engine planes — BUDD has just 


> . 
To Blaze New Trails in the reached another milestone in its exploratory 


> 


m rfection of | 
Develop ent & Pe ection 0 ‘4 tnd i efficient manufacture of structures for aircraft 
° > / eJ/ig — . : , 
Metals Suited for Use in f fy and missiles subject to aerodynamic heating has 


oeen found! 


sf t ; 
e AIRCRAFT STRUCTURES fs sy ] With a manufacturing background of nearly half 
o MISSILE STRUCTURES I; fy 4 if a century and more than 20,000 people on its 


payroll, The BUDD Company is the established 


eNUCLEAR PROPULSION ff / %y arf leader in its field. To competent Technical and 


Scientific Personnel seeking an association with 


& REACTOR ELEMENTS 4 £ A a company offering established employment sta- 


bility and salaries commensurate with ability, 


achievements: a solution to the practical and 


there truly is no finer place to work. 


If you are interested in an association in a high 
level research environment, in one of our plants 
in the East, please fill in the Ready-Reference 
Card below and send to THE PLANT OF YOUR 
CHOICE, today, along with a complete resume of 
your educational and work background. 


G 
Phil RK PLA Person 
ndelphia 32, pa N* RED Lion 
Bustleton P Personnel m 
Pa, CHARLEY 
NAME OIx p Personnel 4p 
CHASE pian 9° 
LANT 


P 
RESENT ADDRESS (Lass) Gary, indiang 


(Middle) 


~—— CITy AND STATE 


(THis INE 
° 
RMATION w, EARNINGS 


N Stricr 
AND 
Resume Attochedp COMPLETE CONFipg 


{L BE HELD , 
Is Your 


NCE) 
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EMPLOYMENT OPPORTUNITIES 


ENGINEERS AND PHYSICISTS 


Work-Study Plan for 
Master’s Degree in Chosen Field 


sponsored by 


Knolls Atomic Power Laboratory 


in conjunction with 


Rensselaer Polytechnic Institute 





ais | = De & 





oe WE hE. 


Le agi LS TR > Ce SERS 


CANDIDATES BEING CHOSEN NOW FOR COURSES BEGINNING IN JUNE AND SEPTEMBER 


ax ‘ Tae (eee SBS be LR Me ON LG EE Peat oR 
Knolls, operated by General Electric for the Atomic Energy Commission, is developing 
a two-reactor system for the new Triton, the world’s largest submarine; another new 
project...to design a reactor for a Navy destroyer power plant system. Qualified young 
engineers and physicists who join the new WORK-STUDY PLAN can start immedi- 
ately on some phase of these large-scale programs. 
The Plan pays approximately 85% of full salary the first year and 100% the next. The 
Master’s degree can be obtained in 2% years or less, depending on individual back- 
ground, The candidate takes his M.S. in the field of his choice, with a minor in nuclear 
engineering. 
If you have a B.S. degree in engineering or physics, you are eligible to apply. 


Half time at R.P.1.—fees and tuition paid; hai 


Ist SEMESTER: time on job, half pay. 


Half time on job, half time off for special nuclear 
2nd SEMESTER: courses at laboratory; full pay ; fees and tuition paid. 


SUCCEEDING TERMS: { Full time on job —full pay; up to 4 hours off each 
; week to attend classes at R.PJ, Full tuition refund. 


MEMO TO ENGINEERS AND SCIENTISTS AT ALL LEVELS: 


Your inquiries are also invited for a number of attrac- 
tive positions now open — outside of Work-Study Plan. 


If you are interested in this program, send a 
resume of your education and sxperience to: 


Mr. A. J. Scipione, Dept. 460 


Knolls Alomic Power Laboralory 


OPERATED FOR AEC BY 


GENERAL €@ ELECTRIC 


SCHENECTADY N Y 
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EMPLOYMENT OPPORTUNITIES 


ENGINEERS 


SCIENTISTS 


with degrees in 
E.E., M.E., Ch.E., or PHYSICS 


Honeywell 


BROWN t(NECTRUMENTE 


Fists a. Coritiols 


LEADS THE WAY IN 
A WORLD OF 
OPPORTUNITIES 


@ THE COMPANY—Judging a com- 
pany on its past performance consti- 
tutes sound logical thinking. Looking 
over BROWN INSTRUMENTS record of 
accomplishment tells a reassuring 
story of continuous growth during 
nearly a century of pioneering in the 
industrial instruments and control 
fleld. 


@ ASSIGNMENTS Diversified 

permanent, non-routine, in the newest 
scientific field of NUCLEAR INSTRU 
MENTATION and AUTOMATION. The 
bulk of our work is for industrial use. 


@ COMPENSATION—-Rewarding . 
salaries are competitive with those 
offered in other industries. Our bene 
fits include free group health insur 
ance, hospitalization and surgical 
benefits, as well as an excellent re- 
tirement plan. Relocation assistance. 


@ GROWTH — Unlimited . . . your 
performance and salary is re-eval 
vated twice yearly. Our policy to 
promote from within is responsible 
for present management 


@ EDUCATION—Excellent . finan 
cial assistance for those desirous of 
furthering their education at one of 
several renowned Philadelphia col 
leges or universities. 


@Men with the vision to create 
and the will to act can find an 
abundant outlet for their creative 
talent in either RESEARCH, DESIGN 
and DEVELOPMENT APPLICATION, 
or SYSTEMS ENGINEERING. What 
ever the choice, you and only you 
will be able to control and measure 
your progress with this company, 
which leads the way in a world of 
opportunities .. . 


Write to D. R. GARVEY 
Manager Employment, Dept. N 


Honeywell 


BROWN INSTRUMENTS DIV. 


Wayne & Windrim Aves. 
Philadelphia 44, Pa. 





ENGINEERING 
PHYSICIST 
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for Advanced 
Engineering Component of 


HANFORD ATOMIC 
PRODUCTS OPERATION 


New Fuels Preparation Dept. 


Ability to provide consultation 
and advice on long-range busi 
ness implications of physics de- 
velopment is as essential in this 
position as ability to analyze 
and evaluate research and de 
velopment programs supporting 
reactor fuel development 


An engineering physicist with 
this dual ability who joins the 
new Fuels Preparation Depart 
ment now will be strategically 
placed to assume increasing 
responsibility in the Hanford 
operation, whose scope is being 
broadened by important ad 
vances in atomic research 


Requirements: B.S. or B.A. in 
Physics, plus 10 or more years’ 
Engineering 
Physics and at least 5 in Neu 
tronics. (An advanced degree 
may be offered in lieu of ex 


experience in 


perience. ) 

Men with these qualifications 
are invited to submit their re 
sume, in complete confidence to 
Mr. E. P. Galbraith, Manager 
Technical Personnel Placement 


DEPT. FPD 


Hanford Atomic Products Operation 


GENERAL @@ ELECTRIC 


Richland, Washington 





GENERAL PHYSICS 
LABORATORY DIRECTOR 


The new central research laboratory 
of Continental Can Company has an 
exceptional opportunity for a versatile 
physicist to direct a long range re- 
search group in the application of 
acoustics, optics, mathematical phys- 
ics, and other fundamental fields to a 
wide variety of problems in such areas 
as energy conversion, automatic con- 
trol, instrumentation and communica- 
tions. Administrative duties will be 
minimized in order to allow continued 
professional development of - staff 
members, and opportunities for close 
cooperation with scientists in chem- 
istry, metallurgy, and biology will be 
found. Facilities and equipment are 
believed to be second to none in 
variety and extent. Please write, giv- 
ing a brief resume of qualifications, 
to Director, Physics Research, Cen- 
tral Research & Engineering Division, 
7622 South Racine Avenue, Chicago 
20, Illinois 








SENIOR NUCLEAR ENGINEERS 
THEORETICAL NUCLEAR PHYSICISTS 


Assignment in our Reactor Engineer- 
ing De partment on the San Francisco 


peninsula of California 


Please mail complete chronological 


experience record, 


AMERICAN-STANDARD 
Atomic Energy Division 
1682 Broadway 
Redwood City, California 








2 PHYSICISTS—-$9600—$11,500 
NO FEE 
young men who are looking for a positive 
future will have an open door for advance- 
ment with this leading midwest concern, Some 
experience in solid state physics is necessary. 
Reply in strict confidence to— 
F. CARTER 
6 N. Michigan Room 708 
Chicago, Ill Financial 6-1155 
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QUICK SOLUTION TO MAN 
POWER PROBLEMS ... 


through the EMPLOYMENT OPPORTI 

NITIES Section of the publication Th 
market place for those offering or wanting 
the services of men on engineering, technical 


and executive level 


This section offers a quick, effective solution 
to your man power problems, because its 
readership is confined to just the type of men 
you need Waste circulation is avoided 


You reach only the men you want 


NUCLEONICS 
P.O. Box 12 
Classified Adv. Div., New York 36, N. Y. 
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EMPLOYMENT OPPORTUNITIES 





NUCLEAR 
ENGINEERS 


Our Nuclear Engineering Section 

has immediate openings in its expanding 
GAS COOLED REACTOR ana | 
CONTROL SYSTEM PROGRAM 


for engineers and scientists experienced in 


REACTOR CONTROLS 
ano INSTRUMENTATION 


REACTOR METALLURGY 


REACTOR PHYSICS 


AND OTHER AREAS OF REACTOR TECHNOLOGY 











= 
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FICO’s reputation of offering only positions of permanency is unique. 
We employ only when there is a clear and definite need projected years into the future. 
Send for a copy of “— and It’s a Good Place to Work,” 
a brochure yours for the asking. 


Phone (New York) STillwell 4-9000 or write to Philip McCaffrey 


FORD INSTRUMENT CO. 


DIVISION OF SPERRY RAND CORPORATION 
31-10 THOMSON AVE ° LONG ISLAND CITY 1. WN. Y. 
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or call will bring your Elliott Brothers, Ltd 

free copy of Form 3043. Fansteel Metallurgical Corp. 97 

Fenn Manufacturing Com- 
pany . ey eae ak 


No matter what standards of comparison you 
use — reliability, accuracy, flexibility — think 
of Victoreen first. That's Victoreen, the name 


that means radiation measurement, protection 4 
f Ford Instrument Co., Div. 


and control. ii of Sperry Rand Corpora- 
tion .. ‘ a 
Foster Wheeler ation 9 
Gaertner Scientific Corp...114 
The ictoreen Instrument Company General Dynamics Corp., 


instruments Diviclon Electric Boat Division... 6 


5806 Hough Avenue, Cleveland 3, Ohio 
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Ready to Serve 


. those industries and companies which have set 
their sights on the profitable possibilities in the nuclear 
chemistry field, the Davison Chemical Co. has con- 
solidated its operations in THORIUM AND RARE 
EARTHS CHEMICALS. 

Two plants, one at Pompton Plains, N. J. (formerly 
Rare Earths, Inc.) and one at Baltimore, Md. are in 
operation. Your inquiries concerning our products 
and services are welcomed. 


DAVISON CHEMICAL COMPANY 


Division of W. R. Grace & Co. 
Baltimore 3, Md. and Box 488 Pompton Plains, N. J. : 


Seer 











TULLAMORE announces the Model VTE-1 
VACUUM TUBE ELECTROMETER 


The VTE—1 is a practical instrument —RELIABLE— 
for the modern nuclear physics lab- —INEXPENSIVE— 
oratory. Small currents may be meas- —PRECISE— 
vred accurately and reliably. A 

bucking current supply enables the 

operator to measure extremely small 

current variations. 


SPECIFICATIONS: 

1. Current Range—10° to 10°" 
amps. 

2. Bucking Current Range—10° to 
10°° amps. 

3. Time Constants—0.1, 0.3, 1, 3, 


10, and 30 seconds. IDEALLY SUITED FOR 


; Cimtors then 4% per Gy THE MEASUREMENT OF 
after 4 hour warmup. CURRENTS FROM 


. Trip Circuits—Hi and Lo level trip SCINTILLATION 
circuits may be included for re- COUNTERS AND 
actor control applications. IONIZATION CHAMBERS 


Address inquiries to: 


TULLAMORE 


ELECTRONIC LABORATORY 
6055 South Ashland Ave. © Chicago 34, Illinois 
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MODEL 212 


“Ultra Stable” EK 
é vp cigs AEo = (20 + 0.25E,) —~ — 0.1 E,AT 
HIGH VOLTAGE SUPPLY *) 30 


® 500 to 1800 Volts continuously variable in 17 steps with a ten 
turn Helipot covering any step. 


© 85A2 Reference Tubes with their inherent long term stability 
are shielded to reduce short term temperature fluctuations. 


QMV Re qulation at 1800 DC per volt change of line over the 


range of 95 to 125V. 
Positive, Negative or Zero output, selected from panel. 


5 ma 2 ohm output characteristic over entire range with 


rapid recovery from load transients. 
Hermetically Sealed high voltage transformer. 


2000 :1 Precision Volt Box for calibration with an inherent 
stability of 0.005‘ 





output in volts 

vernier setting in volts 
change mh TN 

ambient temperature change i 
C 


line voltage change 


Delivery from stock 


RADIATION INSTRUMENT DEVELOPMENT LABORATORY 
5737 Sewth Hoelsted + Chicago 21, tilinois 


/ Telephone WEntworth 6.2346 + Cable Address RADILAB 
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Societe D’'Applications In- 
dustrielles de la Physique . 129 


Solar Aircraft Company... 12 
Struthers Wells Corporation. 15 
Superior Tube Company. . . 107 


Sylvania Electric Products, 
Inc. 5 oa ae vee 
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a 44 
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U.S. Stoneware. : coe WS 


University of California 
Radiation Laboratory... 42 


Victoreen Instrument Com- 
pany ... ; 142 

Westinghouse Bettis Plant.. 37 
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White Industrial Division 
s & 111 


Zallea Brothers 32 


PROFESSIONAL SERVICES 
CLASSIFIED ADtb ee 
I / Eberle, Business M 

EMPLOYMENT OPPORTUNITI IS 136 
EQUIPMENT 

Used or Surplus New 
For Sale 
American-Standard Atomic Energy Div 
Argonne National Laboratory 
Armour Research Founc dati ym of Ill, Inst 

ol Te ch 
Roshan Instruments Inc 
Budd Co., The 
Carter 

ontinental Can Co., Inc 
Fidelity Personnel Service 
Ford Instrument Co. Div. of Sperry 

. 139, 

meywel vn Instruments Division. 140 
Internuclea Co 1% 
M. R. Co., The 135 


This index is published as a service. 
Every care is taken to make it accurate, 
but NUCLEONICS assumes no responsi- 
bility for errors or omissions. 
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DIFFERENTIAL 
PULSE HEIGHT 
ANALYZERS 


Pee ee se 


MULTI-CHANNEL 


Twenty fixed adjacent channels (0.5 volt each) may be moved 
as a group over a 60 volt spectrum, dividing the spectrum into 
120 parts. 

Many units 1n use in leading university and atomic energy labo- 
ratories over last few years with outstanding performance. 
Simultaneous pulse height measurements reduce operating time 
of expensive equipment used to produce data. 

Saves man hours of skilled scientific personnel. 

Rapid taking of isotope spectrum data eliminates decay correc- 
tions. 


A completely detailed professionally prepared instruction manual 
(over 100 pages) furnished with each instrument. 
MODEL 520 


SINGLE CHANNEL 


e Hundreds of these units in use over the last 5 years have es- 
tablished the Model 510 Analyzer as the standard in radio- 
isotope laboratories. 

¢ Used for studies of energy distribution of nuclear particles. Per- 
mits separate counting of isotopes in mixtures. Reduces back- 
ground count to permit counting of low concentration or low 
energy isotopes. 

MODEL 510 ¢ Furnished with final instruction book. 


The Model 510 allows only those pulses fall- channel width, 0-7 volts both controlled by 
ing between two set amplitudes to pass helical potentiometers. 

through to the output to be counted or re- Negative output variable to —15 volts. Model 
corded. Pulses above and below selected 510 may be used as an integral discriminator 
levels are rejected. Full range, 0-100 volts, by setting channel width at 10 volts. 


Plan to visit Booth 115 at the 1957 Convention of the Federation of American Societies for Experimental Biology 
Conrad Hilton Hotel, Chicago, April 15-19. 


SALES REPRESENTATIVES 


ATOMIC ASSOCIATES, INC New York, Boston, 
Philadeiphia 


W. A. BROWN & ASSOCIATES, INC * OVERSEAS 

Alexandria, Va Australia, Beigium, Denmark, France, 
H. E. RANSFORD CO Pittsburgh — Israel, Waly, Jepan, 
PACKARD INSTRUMENT CO LaGrange, til lorway, Mexice, Sweden, 


CANADIAN MARCONI CO. — Montreal, Toronto, Switzeriend 
Winnipeg, Vencovver, Halifax 


BAIRO RED ATOM) — “Baird--Atomic, Inc. 


33 UNIVERSITY ROAD, CAMBRIDGE 36, MASS. 
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ALCO Products, Inc. technicians check operation of Army 
Package Power Reactor on a Honeywell control panel 
at ALCO's criticality facility in Schenectady, N.Y. 


»»- reactor instrumentation for every need 


As soon as you start planning controls for 
your nuclear reactor, consider the advan 
tages of having Honeywell design, engineer, 
assemble, test and service your instrumenta 
tion for you. 


Honeywell can supply all the instrumenta 
tion you need—a single amplifier, thermo 
couple or recorder, or a complete custom 
made, packaged system. 


From this one reliable source comes first 
quality instruments, designs that have been 
proved in practice since the very inception 
of the atomic energy program, specialized 
engineering assistance .. . and undivided 


responsibility for your installation. From the 
industry’s largest-by-far service organiza- 
tion, you get all the help you need with 
installation, startup and maintenance of 
your controls. 


When your plans begin to take shape, con- 
tact your nearby Honeywell sales engineer 
for assistance. He’s as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATORCO., 
Industrial Division, Wayne and Windrim 
Avenues, Philadelphia 44, Pa.—in Canada, 
Toronto 17, Ontario. 


Honeywell 


BROWN 


(INSTRUMENTS 


Fit nn Coutiols 





